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THESE WATERS
How m any of these w aters  a re  th e re ?
And how m any are  m ine?
T hese clouds and this ocean, 
they revolve around m y tap.
I tu rn  the spigot: 
the oceans em pty, 
clouds dry .
I wash;
the w ater tab le plunges 
like a  th irs ty  neck line.
I r in se  m y c a r ,
and necks go unwashed.
How m any of these w aters  
slide down m y drain?
How m any g lasses  of w ater 
are  in  m y bath?
How m any dra ins are  enough?
And how m any questions can I flood?
T hese w ate rs  a re  m ine.
This body is m ine.
How m uch is enough?
How m any people are  m y w ate r?
Is one a show er ?
A re two a bath?
How am I to  know ?
— David O v ers tree t
TABLE OF CONTENTS
Page
A C K N O W LED G EM EN TS.......................................................................  iv
ORIGINAL P O E M ..................................................................................... v
LIST OF T A B L E S .................................................................................... v iii
LIST OF F IG U R E S .................................................................................... x
C hapter
I. IN T R O D U C T IO N .........................................................  1
Rationale for This Study
II. THE CONDITIONS OF THE CONTEMPORARY
AMERICAN EN V IR O N M EN T....................................  16
Technology and E nvironm ental Quality 
R elation  of Environm ental Quality to 
P rob lem s of Public A dm inistration 
The City: E cological D isa s te r  A rea  
An Enlightened A m erican  Middle C la ss?
The Engineering System in the Public 
Sector
III. WATER USE IN THE AMERICAN CULTURE . . 33
H isto rica l Background of W ater Development 
in Americéin C ities  
C lassifica tion  of W ater Use 
W ithdrawal Use 
Flow U se and O n-site  Use 
Demand and Supply
Timing D iscontinuities 
Q uality R equirem ents 
P rob lem s of Queuitity
vi
C hapter Page
IV. FUTURE INFLUENCES ON WATER SUPPLY
AND D E M A N D ..............................................................  54
Technological Expansion 
Expanding the Range of R ecovery
Use of U ntreated Sea W ater for Industry  
Recycling
W eather M odifications 
Reduction of R ese rv o ir L osses 
Econom ics 
Population
V. POSSIBLE ALTERNATIVES FOR WATER-
CONSERVATIVE DOMESTIC LIVING UNITS . . 73




The F am ily  Living Unit
VI. A NEW DEFINITION OF WATER DEMAND . . 116
B asis  fo r a  New C r ite r ia  for W ater Demand 
E ffect of a Balanced Ecology L ifesty le on 
W ater Demand
VII. CO NCLUSIONS.............................................................  138
P ro p o sa l fo r a New Science: Soft Technology 
Objective of the New Science 
F u tu re  D irections for W ate r-reso u rce  
Developm ent 
An E cological Model fo r W ate r-reso u rce  
Planning




1 A lternative E x trem es of A verage M unicipal Use . . .  13
2 W ater Use for D om estic P u r p o s e s ............................ 44
3 E stim ated  R elative Q uantities of W ater Available
Within the E a r th 's  H y d r o s p h e r e ..........................   53
4 P re se n t Values of C ost fo r T hree Equipm ent
R eplacem ent S t r a te g ie s ............................................. 64
5 D ecom position of D om estic W ater U se by C ategory  . 75
6 D ecom position of D om estic W ater U se by Highest 
Volume C a te g o r ie s ..................................................
7 Low ering W ater Demand by Reducing Lot Size
8 Low ering W ater Demand fo r W ater C lose ts  . .
9 P o ss ib ilitie s  for B athw ater S a v i n g s ..................
10 W ater Savings P o ss ib ilitie s  in C lothes W ashers







12 Sum m ary of P ossib le  W ater Savings fo r Hom es
Using A lternate  D e s i g n ......................................................  107
13 R esu lts  of In sta lla tion  of W ater-sav ing  D ev ices--
A lternative A ....................................................................... 109
14 R esu lts of Installa tion  of W ater-sav ing  D e v ic e s --
A lternative B .............................................................   I l l
15 R esu lts of Installation  of W ater-sav ing  D ev ices--
A lternative C ....................................................................... 113
v iii
Table P age
16 R esu lts  of Installa tion  of W ater-saving  Devices —
A lternative D .............................................................................  116
17 Sum m ary R esu lts--W ate r-sav in g s  M e th o d s ..................  117
IX
LIST OF FIGURES 
F igu re  Page
1 A lternative Demand P o ss ib ilitie s  ..................................... I ' c
2 D eterm ination  of Optimum O u t p u t .....................................  67
3 C ontrolling Output Through P ric in g  as a Function
of O u t p u t ................................................................................  69
4 D etailed D iagram  of a Typical C livus Installa tion  . . 89
5 R epresen ta tion  of Scale Econom ies of V arious
A lternative Sewage T rea tm en t Schem es ..................  92
6 C om parison  of D ry to Wet D isposa l Methods in the
Volume of W astes G enerated  ........................................  93
7 Plum bing D iagram  for a  Home With Reduced W ater
Use and Waste E m i s s i o n .................................................  95
8 M ajor System s of the E cological Model ........................ 150
9 O rganizational Planning M o d e l..............................................  152




T here a re  th ree  p rinc ipa l elem ents in a successfu l response 
to socie ta l c r is is :  (1) recognizing the th re a t (o r, m o re  im portantly , p e r­
ceiving the consequences of not averting it), (2) changes in attitudes and 
values which m u st p reced e  any d ras tic  action, (3) tran sla tio n  of new 
consensus into a s tru c tu re  capable of im plem enting it. ^
The space age has caused the unity of the E a rth 's  environm ent 
to come into the focus of human perception, as it always was in physical 
fact. The spaceship  is  a unified system  dependent upon the coordinated 
and continued functioning of in te rre la tin g  system s and p a r ts .  I t has 
su rp luses and back-up capacity , but its  re so u rc e s  a re  lim ited . Ecological 
facts that m an p re fe rs  to evade concerning h is E a rth  a re  universally  
acknowledged fo r a spaceship . No one doubts th a t th e re  is  a lim it to the 
num ber of p assen g ers  th a t the ship ceui accom m odate, and the need for
^John P . H oldren and Ralph R. E h rlich , Global Ecology 
(New York: H arco u rt, B race , Jovanovich, In c ., 1961), p . 2.
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re se rv e  capacity  to m eet unforeseeable contingencies is  not questioned.
It is obvious th a t the spaceship cannot indefinitely tran sfo rm  its  nutrients 
into w aste . If extruded from  the ship as w aste , energy  sources a re  i r r e ­
trievab ly  lost; if accum ulated as w aste, the ship is u ltim ately  destroyed  
from  w ithin. There is no escape from  the n ecessity  of recycling w aste 
m a te r ia ls . F o r  the duration of its  voyage, the ship m ust rem ain  in eco ­
logical balance. D isruption of any of its system s m ay m ean d isa s te r  fo r
2
the m iss io n  and the crew .
A g rea t p ro life ra tio n  of rh e to ric  has recen tly  em erged  from
a num ber of noted w rite rs  in defense of the environm ent. How m odern
socie ty  responds to th is plea fo r an "ecological e th ic" m ay be the m ost
im portan t event of the tw entieth century. One advocate of a  re s tru c tu rin g
of the h ie ra rch y  of values and institutions by w hich m an now attem pts to
govern his behavior has w ritten  th a t
. . . preoccupation with m aintaining the m om entum  and 
stab ility  of an accelerating  system , if p ro jec ted  indefinitely, 
appears to lead tow ard se lf-defea t . . . Eventually , the 
technoeconom ic system  m ust slow down or drop back to a 
steady s ta te , perhaps dynamic but no longer e3q>ansive . - .
A tim e m u st com e when human society  w ill e ith e r effectively 
manage its  re lationship  to the p lanetary  life support system  
or see the decline and fa ll of the human sp ec ies. . . ^
What is happening is a  conceptual basis for a  new system  of thought which 
2
Lynton K eith Caldw ell, Environm ent: A Chctllenge to M odern 
Society (New York: The N atural H istory  P r e s s , 1970), p. 119.
^Lynton K. Caldw ell, "The Only Way Out L ies in Change . .
. W orld Wide, Fundam ental, and P e rv a s iv e ,"  New E ngineer, Vol. I,
No. 5 (F eb ru ary , 1972), 8.
has slowly been form ing, converging in the w orlds of sc ie n tis ts , eng ineers, 
theologians, a r t is t s ,  and po litica l le a d e rs . This is to say that a new level 
of hum an organization  m u st be achieved if  the effects of an a lready  in ­
evitable w orld tragedy  a re  to be contained and then re v e rse d .
The engineer and sc ie n tis t can  no longer function under the 
m yth tha t science and technology can solve the re so u rc e  p rob lem s of 
the ea rth , provide fo r the p ro jec ted  population grow th, and cope with 
the existing environm ental degradation tre n d s . The uncontrolled  con­
sum ption of non-renew able re so u rces  has a p red ic tab le , finite conclusion. 
The fate of renew able re so u rc e s , such as  w a te r and a ir ,  is not so w ell- 
defined. I t  is the fate of the e a r th 's  m ost im portant so -c a lle d  renew able 
re so u rc e , nam ely w a te r, th a t is the concern  of th is study.
P ro jec te d  A m erican  w a te r requ irem en ts  in  1980 w ill be about 
7u0 billion gedlons. Even on the b a s is  of the m o st op tim istic  technological 
and econom ic assum ptions, only an estim a ted  650 b illion  gallons can be
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made available. If th is  is the expectation for le ss  than ten  y e a rs  in  the 
fu tu re , the w orld faces an ex trem ely  grave w ater shortage in the m ore 
d istan t fu ture. I t is obvious that som ething m u st be done to change the 
course  of re so u rce  u tilization.
T here  is ,  of co u rse , p ro sp ec t fo r change. Population growth 
m u st decline if m an  is to continue to ex is t. Social attitudes and values 
a re  being a lte red . Who would have believed  that ZPG would becom e a
^ b i d . , 65.
common household acronym ? It is even conceivable that leg isla tion  w ill 
be in itia ted  controlling fam ily s ize . M ass vasectom ies o r other m eans 
of s te riliza tio n  w ill becom e common in underdeveloped coun tries, but it 
is the assum ption of m any th a t the m o st p erv asiv e  and dynamic source 
of acce lera ting  change is science and the m ultiple technologies th a t stem  
from  it. Even if population grow th w ere  to come to a s tan d still in 1970, 
the ecological consequences of technological advancem ent m ay have 
a lready been too sev ere  fo r a sa tis fa c to ry  recovery . M an's demands on 
the environm ent a re  acce lera ting  m any tim es m o re  rapid ly  than the ra te  
of population growth.
Any fu ture in c rea se s  in  demand on local w ater w orks, for 
instance , w ill soon reach  c r is is  p roportions if ways of preventing th is 
a re  not found quickly and efficiently . There are  o ther m ajo r problem s 
associa ted  with in c reases  in w a te r demand. Growth does not begin to 
pay for itse lf  in  m unicipal taxes for a good m any y e a rs . Many c ities  
have s tra in ed  th e ir  bonding capacities to the lim it. Along with th is goes 
the problem  of in c reased  pollution to s tre a m s . The urban w astes and 
sewage ride  the w aterw ays dow nstream  to s is te r  suburbias w here the 
en tire  adu ltera tion  is compounded and sen t on to the next inadequate 
trea tm en t facility  dow nstream . This shocking p rac tice  of im posing our 
w astes on the neighboring com m unity has a  longstanding tra d itio n  which 
began in the ea rly  days of urban developm ent.
By the end of the nineteenth  century , a standard  credo  had
been estab lished  by the urban d w elle r--th e  solution to pollution is dilution. 
Man was thus de libera te ly , as w ell as unwittingly, em itting  w astes into 
the environm ent. W aste contro l becam e keyed to  w aste tra n s fe r ,  the 
idea being to d ispatch  the w astes  som ew here e lse . In an age of w aste 
load devoid of recyclab le  con ta iners, p es tic id es , hydrocarbons, and 
high BOD, th is  s tra teg y  is inevitable and encourages habits and attitudes 
that have proved h a rd  to b reak . Under th is logic, the environm ent as a 
dump has been considered  a re so u rce .
O ver a  century  ago, Justus Vonliiebig estab lished  a  principle 
known as the "law of m inim um . " It say s , in  e ssen ce , th a t the size of a 
population o r the life  of an individual w ill be lim ited  by w hatever requ isite  
of life is in  the sh o rte s t supply. I t  is not y e t c le a r  w hat that requ isite  w ill 
be fo r the human population ,but apparently  a  system  of p r io r it ie s  w ill have 
to be estab lished . A ledger of "tradeoffs" for the re so u rces  of the ea r th  
w ill be kept and m an  w ill sac rifice  one com m odity in favor of another.
This is being done in  the technological system  today, but only in r e t r o ­
spect, and w ith  awed am azem ent the technologists a re  rea liz ing  the 
im pact of th e ir  advances. If a balanced ecosystem  involving m an and 
his environm ent is em inent o r ,  m ore b as ica lly , if m an is to survive his 
own pillage of the e a r th 's  re so u rc e s , a  "change of m ind" as M umford 
d escribes in Technics and C iv ilization  m u st again take p lace . M odern 
technology can  no longer re ly  on synerg ism  and serend ip ity .
M um ford, in his descrip tion  of the "F o u rth  M igration ,"
m arks the autom obile, m odem  com m unication, and e le c tr ic  tran sm iss io n  
as the m o st im portan t facto rs which b e a r  upon the new layout of popu­
lation.  ̂ He pain ts a vivid p ic tu re  of the physical fo rces which p a tte rn  
the lifesty le  of the urban dw eller.
. . . But, we a re  in the m idst of . . . destruc tion  . . .  : the 
population explosion, the freew ay explosion, the rec rea tio n  
explosion a re  a ll working tow ard the same blank g o a l--th a t 
of creating  m ore and m o re  fea tu re less  landscapes populated 
by m o re  and m ore fea tu re less  people. N ever before has any 
country p o ssessed  such surplus of w ealth , food, energy, and 
n a tu ra l re so u rces  as the United S tates. . . . But in addressing  
ourselves to  the increase  of pow er, p ro fit, and p re s tig e , we 
have failed  to develop a v aried , m any sided cu ltu re , a  cu lture 
based  on the re a litie s  of life itse lf , on human growth in  a 
biologically  sound and socially  stim ulating environm ent, on a 
sexual m atu ra tion  and a good fam ily life , on a  d iscip lined  
em otional exp ression  in the a r ts  and in the daily p ra c tic e , o r 
constant c itizen  partic ipa tion  in the public affa irs  of the com ­
m unity, fo r the sake of human associa tion  as w ell as fo r the 
p ra c tic a l and cu ltu ra l ends. R a th er, a ll our dom inant forces 
today now tend to cram p and dwarf our life , to autom atize and 
increasing ly  dehumanize our ac tiv ities , . . .
Now, w here the machine takes precedence of the man, 
and w here  a ll ac tiv ities and values that su sta in  the hum an 
s p ir i t  a re  subordinated to making money and p riv a te ly  de­
vouring only such goods as money w ill buy, even the physical 
environm ent tends to  become degraded and inefficient. . . . ^
M umford goes on to sta te  that conditions cannot be im proved without 
a ltering  the prevailing  view of life . If we want to im prove the env iron­
m ent, we m u st " . . . chéinge our m inds and a lte r  ou r ob jec tives, ad-
7
vancing from  a money economy to a life economy. . . . "  V ast corporations
5
Lew is M umford, The Urban P ro sp e c t (New York: H arcourt, 
B race  & W orld, In c .,  1968), p. xvi.
^Ibid. , pp. 4-5. ^Ib id . , p . 13.
and pow erful governm ents cannot be effective in p reserv in g  the environ­
m ent; only people, a fte r  they have developed v a lu es , sen sitiv ie s , and 
new goals, w ill be able to insure a se lf-susta in ing  life - -people capable 
of projecting human goals in the face of conditions favorable to exploit 
some im m ediate opportunity fo r pow er.
. . .  we shall have to overthrow the m yth of the m achine 
and replace it  w ith a new m yth of life --b a sed  upon a r ic h e r  
understanding of a ll organic p ro c e sse s , a sh a rp e r  insight 
into m an 's  positive role in  changing the face of the earth.®
Rationale fo r This Study 
The p r im a ry  goal of th is  study is to identify facto rs tha t in ­
fluence w ater requ irem ents  for dom estic use, and to show how reductions 
in demand for w ate r can become a p rac tic a l rea lity . This n ecessa rily  
im plies a m ic ro -le v e l of investigation--the individual w ate r u ses . A 
b rie f h isto ry  of developm ent of w ate r supplies in the United S tates p r e ­
sented in a la te r  chapter w ill give a background fo r projecting changes in 
w ater requ irem en ts through changing lifecycles over a span of some 200 
y e a rs .
The g rea t p rognostica to r, Benjam in F rank lin , developed the
f ir s t  public w ater supply system  and left in his w ill in 1789-f 1000 to each
9
of the c ities  of Ph iladelph ia  and Boston. The money was to be spent, 
^Ibid. , p. 22.
^Nelson M. B lake, W ater fo r the C ities (Syracuse, New 
York: Syracuse U niversity  P r e s s ,  1956), p . 11.
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a fte r  drawing in te re s t for 200 y e a rs , on public w a te r w orks for those 
c itie s . Even in his m ost scrupulous calcu lations, F ran k lin  could not 
have p red ic ted  the ineffable change in the lifesty le  of the A m erican people 
which was to occur. F ran k lin 's  experience w ith the d isease-in flic ted  and 
crowded Philadelph ia  alleys told him th a t p a r t  of the answ er to developing 
a stim ulating living environm ent in the c ities  was to provide safe and 
plentiful w ate r to each  hom e. His ideas w ere  v isionary  for his day and 
tim e , but in his conservative views of the sim ple life he could never have 
expected that a fam ily would ev er req u ire  m ore  than enough w ater each 
day to boil potatoes and clean  p o rr in g e rs .
Today, the average fam ily, w ith autom atic w ash er, d ish ­
w ash er, two o r th re e  bath room s, two c a r s ,  garbage d isposal, a ir  con­
d itioner, th ree-fo u rth s  ac re  of lawn and sh ru b s, and a ll the conveniences 
of m odern living, m ay use m ore  than 1,000 gallons of w ate r in a single 
sum m er day. At le a s t  60 p e rcen t of th is m ay be used during the hours 
betw een 4:30 and 10:00 p .m . N ever is  any thought given to the a s so c i­
ation of w ater w ith d isease , nor to the fact th a t w a te r m ay some day be 
available only on a rationed b asis .
M odern design c r i te r ia  fo r dom estic use perpetuates th is 
attitude. P o litic ian s  have seldom  in the h isto ry  of public w ater supplies 
considered  the possib ility  of low er w ater use as a source of supply. 
E ng ineers have used  the existing " ra te  of consum ption" to calculate 
supply and re se rv o ir  capacity . The idea of a  reduced ra te  of consum ption
seem s unlikely as a p ossib ility  fo r fu ture design. In o ther w ords, the 
b asis  for p re se n t design c r i te r ia  is that m axim um  demand is the m inim um  
d raft req u irem en t. A ll requ irem ents  fo r the future a re  based on lifesty le  
(gallons p e r  p e rso n  p e r  day) and p ro jec ted  num ber of people, both of which 
a re  being upgraded as w orld goals.
In the p a s t, th is  acce le ra tio n  of production has been based  on 
the assum ption of unlim ited re so u rc e s  o r renew able re so u rc e s , and that 
these  re so u rces  a re  here  fo r the benefit of m an 's  natu ra l needs: in ­
d u stria liza tio n , expansion, and econom ic grow th. The aw ard s tru c tu re  
has been assoc ia ted  w ith g re a te r  productiv ity , g re a te r  re so u rces  con­
v e rs io n , and a m yth ical "h igher s tan d ard  of liv ing . "
E colog ists have now en te red  the p ic tu re  w ith some very  
s ta rtlin g  calcu lations; space, a i r ,  w a te r, food, energy, and life  a re  
fin ite . The im pact of constant new production has been that the costs to 
socie ty  are  outweighing the benefits. The p rim a ry  determ inan t for the 
overwhelm ing dom estic w ater demand is the affluent lifesty le  of the con­
tem p o ra ry  w e s te rn  cu ltu re . The hypothesis of th is  study is  th a t changing 
life s ty le s , and the technological changes resu lting  th e re fro m , could p ro ­
duce acceptable designs fo r low er w ater use req u irem en ts . The re su lts  
of decreasing  dem and w ill not only be new sources of w ater supply fo r 
urban a re a s , it w ill a lso  low er concentration  and accum ulation of w aste 
by-products which a re  disposed of in the n a tu ra l w aterw ays of th is country.
S everal m athem atical m odels have been developed that a re
10
capable of incorporating the influence of fo recas ts  fo r w ater requ irem en ts  
in urban a re a s . R eid  has developed an extensive m odel w hich, depending 
on availability  of local data, m ay be re liab ly  used to develop p ro jected  
needs for m unicipal w a te r. By utilizing existing data from  a population, 
an econom ic m odel is produced. This consis ts  of a population m odel and 
an em ploym ent fo recas t m odel. The function of the population m odel is 
to in se rt into the ov era ll m odel the num bers of people by a ttrib u te . The 
em ploym ent fo re ca s t m odel supplies economic and em ploym ent data.
Both of these m odels feed into the econom ic m odel p ro p e r . The to tal 
population and tim e is used via tra n sd u ce rs  to  produce public sec to r  r e ­
qu irem ents: health , education, w a te r, e tc . C ohorts a re  developed which 
can be used to provide additional désagrégation  of these values, éuid as a 
check to in su re  that requ irem ents  which a re  highly dependent on c e rta in  
cohort c h a ra c te r is tic s  of the population are  sa tisfied .
Shift analysis is used to  provide a com parative es tim ate  of 
em ploym ent. T ran sd u cers  a re  used to reduce the p ro jections to public 
sec to r com m itm ents. T echnical coefficients a re  developed w hich provide 
the to tal sum m ation of a ll population requ irem ents  fo r s e rv ic e s . The 
com puter is used to ass im ila te  and anzilyze zdl the data sim ultaneously. 
This m odel can be used to develop p ro jec ted  needs fo r m unicipal w ate r 
based  on the p ro jec ted  population. The problem  is that even though
 ̂̂ George W. R eid , A M ulti s tru c tu ra l Dem and M odel fo r 
W ater R equirem ents F o recastin g , A R eport p re p a re d  fo r the Office of 
W ater R esources R esea rch , D epartm ent of In te rio r , W ashington, D .C .,  
Jan u ary , 1970, p . 254.
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population es tim a tes  m ight be extrem ely  accu ra te , the per capita  usage 
of w ater cannot be determ ined exactly. Thus, the accuracy of the overall 
m odel is lim ited .
U rban w ater requ irem ents a re  broken down into sev e ra l 
d istinc t segm ents defined as follows: (1) dom estic o r  re s id en tia l, (2) 
com m ercia l, (3) public lo sse s , (4) in d u stria l, and (5) ru ra l  irrig a tio n .
The component m ake-up used in determ ining the future w ater re q u ire ­
m ents of an urban  a re a  a re  basically  m unicipal and in d u stria l. T ra n s ­
ducers which w ere  developed for the Reid m odel w ere  applied to each 
sec to r o r com ponent and, thereby , it was possib le  to obtain a sec to r 
req u irem en t o v er tim e. Methodology for fo recasting  future sec to r 
p a ra m e te rs  are  based  en tire ly  on p ro jection  of h is to rica l data. This 
system , b rie fly , takes future sec to r p a ra m e te rs  at some given point in 
tim e w here these p a ra m e te rs  are  known and re la te s  w ater demands to 
these p a ra m e te rs , thereby obtaining w ater requ irem en ts  at some future 
tim e. It has eilso been assum ed in the p as t that population grow th can 
be expected to cause the unit use consumption of w ate r in the m unicipal 
sec to r to  in c rease  about one to two gallons p e r capita each y ea r  based  on 
h is to rica l fig u res . In addition, th is increasing  demand is fu rth e r ex ­
plained by v irtue of the fact tha t as a fam ily 's "stan d ard  of living" in­
c re a se s  so does its  capacity  fo r w a te r consumption. By applying m athe­
m atical form ulation  cuid scien tific  céilculations to data of th is n a tu re .
1 ^ 1 ^ . ,  p. 255.
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w ater requ irem ents have been calculated  for fu ture population on the 
basis  of continuous in creases  as a public goal.
No m odel has as ye t been designed which w ill p red ic t the 
future w ater requ irem en ts  under conditions of decreasing  w ate r use for 
these se c to rs . F u rth e rm o re , few p lanners are  in te re s ted  in pursuing 
this possib ility . No s tru c tu re  ex ists  which would allow for anything but 
"grow th ." In fact, if re su lts  of some study on w ater use should produce 
figures showing decrease  in u se , m o st analysts would in te rp re t th is as 
fa lte ring  economy.
By reviewing base requ irem en ts  of the individual w ater u ser 
and fundam ental concepts of engineering design, this study w ill inquire 
into the range of p o ssib ilitie s  that ex ist for lowering w ater use , p a r ­
ticu la rly  in the public sec to r. It is possib le  that o ther solutions to w ater 
problem s m ay re su lt from  a d ifferent approach to p red icting  w ater usage 
of the future by providing a lternatives in lifesty le  and physical fac ilitie s  
design which req u ire  le ss  w ater consum ption ra th e r  than in creased  w ater 
consum ption. F igure  1 delineates th is  spectrum .





I J M in.
t = 0
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Table 1 considers the decom position of average m unicipal 
use , illu stra ting  the conditions where (1) a ll the w a te r possib ly  needed 
is available, and (2) w here re -u se , recycling , and o ther a lternatives 
are  used. These are exam ples of fac to rs  re lating  to the socio-econom ic 
and lifesty le requ irem en ts  of A m erican cu ltu re .
TABLE 1. --A lterna tive  E x trem es of Average M unicipal Use 
A lternative E xtrem es






Dom estic 30 80 8 R e-u se
Industria l 40 160 10 Recycle
C om m ercial 20 50 5 A ir - to -a ir  re frig e ra tio n
Public 10 20 0 Solid w aste control
Irrig a tio n 30 60 0 A rtific ia l tu rf
Total 130 310 23
Source: George W. Reid, A M ulti s tru c tu ra l Demand Model for 
W ater R equirem ents F o recasting , A R eport p re p a re d  fo r the Office of 
W ater R esources R esearch , D epartm ent of In te rio r , W ashington, D .C .,  
January , 1970, p. 256.
If m eans could be found through design a lte rn a tiv es  to reduce 
the p e r  capita  consum ption of w ater to som ew here near the m inim um  r e ­
qu irem ent to su sta in  life , the w ater re so u rc e s  engineer would be concerned 
w ith a  com pletely d ifferen t se t of ground ru les  fo r w ater reso u rce  planning. 
Suppose that, under the influence of technological planning, a new type of 
dwelling becam e available whereby individual w ater use could be greatly  
reduced without lowering the standard  of living fo r the fcunily. One 
im m ediate im pact on engineering design m ight be the elim ination of a
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collection and tre a tm e n t system  fo r human w aste s , the p rim a ry  purpose 
of which is to c a r ry  the abundance of w asted w ater from  each dwelling.
U nfortunately, w ater reso u rce  engineers have not, up to th is 
point, been allowed m uch room  fo r v isionary  thinking, p r im a rily  due to 
th e ir  own p rim itiv e  value system . D esign c r i te r ia  have been based  on 
the p as t and have not allowed for p red ic ted  change in  the fu ture . Changes 
in the p a tte rn  of m an 's  living m ust be m ade soon if m an is to rem ain  the 
dom inant species on ea rth , changes which w ill v e ry  sev ere ly  affect basic 
concepts for design .
The technological capability  ex ists  today to  produce a fam ily 
dwelling from  which no environm ental pollu tants would be em itted , no 
w asting of the p recious life support re so u rces  would occur, and living 
conditions and com fort could be enhanced. M oreover, a la rg e  portion  of 
the A m erican  public is on the th resho ld  of demanding exactly  th is  ability  
to live w ithin the ecological s tru c tu re  of n a tu re . M ore p leas fo r clean 
w ater and clean  a ir  a re  coming from  people, young and old.
Skeptics of such a schem e ask "Why bo ther when it is  so 
sim ple to provide all the w ater anyone needs under p re se n t conditions sind 
equally as sim ple to c a r ry  away the w astes ?" Some data have been com ­
piled in subsequent chap ters  of th is study w hich w ill refute th is  attitude.
If it is possib le  to  im pose a concern fo r fu ture generations and w elfare  
of the environm ent, the justifica tions a re  c le a r ly  delineated.
The individual home is perhaps one of the m o st re m iss  in
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fouling the environm ent and w asting its  re so u rc e s . The reluctance of 
w ater re so u rces  engineers to consider the individual home as a problem  
in w ater conservation  is , no doubt, re la ted  to the p rac tice  of allowing 
p riva te  en trep ren eu rs  to essen tia lly  con tro l the housing industry . This 
segm ent of free  e n te rp rise  m ay w ell be too costly  to the environm ent to 
be allowed to continue.
The m odern-th inking m em bers of the a rch itec tu ra l p ro ­
fession , which has for two generations com pletely ignored the challenges 
of individual housing design, are  now ra isin g  th e ir  voices in support of 
a new dim ension for housing. New a rch ite c tu ra l concepts include basic 
s tru c tu re s  that w ill be a p a r t  of the socia l o rgan ism  and w ill no longer 
be the h u rried  p o st and beeun construction , look-eilike houses in endless 
rows which have assau lted  the c ityscape. W ater re so u rces  planning can 
have an enorm ous influence on the to ta l success  of a housing revolution. 
Solutions to w ater conservation  prob lem s Ccin be found in providing 
a lte rna tives in lifesty le  and physical fac ilitie s  design w hich req u ire  le ss  
consumption ra th e r  them in c reased  consum ption.
U nless some species o ther than homo sapiens becom es the 
dom inant species of life on e a rth , m odern  m an m ust come soon to (1) 
recognize the th re a t, (2) begin changes in attitudes and values, zind (3) 
tra n s la te  a new consensus into a s tru c tu re  capable of im plem enting it.
CHAPTER I I
THE CONDITION OF THE CONTEMPORARY 
AMERICAN ENVIRONMENT
Technology and Environm ental Quality 
Because of the lack of technical ability  to  read  it, the th rea t 
to  m an and his fellow earth ly  c rea tu re s  posed by the absence of ecological 
consciousness has probably  not been fully apparent until the p resen t. 
Environm ents have been a ltered .on  a la rg e  scale by m an, but in shaping 
environm ents, m an has seldom  fo reseen  the full consequences of his 
actions. With annoying consistency, m an has m isread  m any of the m ost 
conspicuous consequences of his im pact upon the environm ent. Even 
w ith the data  supplied by rigorous scien tific  study, the m odern tendency 
has been to dead, w ith environm ental p rob lem s segm entally  through 
sp ec ia lis ts  whose frequently conflicting judgm ents requ ire  com prom ise 
o r a rb itra tio n . It has also been difficult to apply the com petence of 
experts to com prehensive public policy. All too m any ad m in istra to rs  
see policy in te rm s  of th e ir  own im m ediate responsib ilities  and are  not 
sensitive to  the effect of th e ir  actions on a la rg e r  ecological scale.
The "Space Ship E a rth "  concept has given us an excellent
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pro jection  m odel of the human conditions on the p lanet ea rth . There 
a re , no doubt, m any differences between life on ea r th  and life in a space 
ship. However, each has lim its  as to the amount of s tre s s  it can to le ra te  
w ithout ceasing to  be life supportive. The p r ic e  for surv ival in outer 
space is  the m aintenance of th is life -su sta in in g  system  on the space ship. 
On ea rth , m an has behaved as if the te r r e s t r i a l  space ship w ere infinite 
in carry ing  capacity  and in ability to absorb  abuse. The fact th a t science 
has now given m an a  free  hand to m anipulate his environm ent w ith im ­
punity has caused him  to neglect the cum ulative and long-term  effects of 
his im pacts on e a rth , convinced that technology can bail him  out of any 
difficulty, and has elim inated  his concern  w ith preserving, the viability  of 
the environm ent. As the subsequent d iscussion  w ill point out, th is un­
ceasing rom ance w ith technology m ay w ell be the v ery  p ro v erb ia l " s tra w ” 
that, in the end, b reaks the cam el's  back.
The accelera ting  demand on all re so u rce s  resu lting  from  
technological advéïnces; from  increasing  populations and th e ir  needs, 
expectations; and increasing  demand for m o re  production; is causing the 
m ore enlightened th inkers  among our sc ie n tis ts  to ponder these re a litie s . 
They are  beginning to rea lize  that we have both the occasion and m eans 
to m ake b igger, m ore d isa s tro u s , and m o re  irre p a ra b le  environm ental 
m istakes than ev er before . They have seen  the death, in effect, of Lake 
E r ie . A ccording to a recen t re p o rt by a  Com m ittee of the N ational 
Academy of Sciences, w ithin about twenty y ea rs  city  w astes a re  expected
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to overwhelm  the biology of m ost of this country 's  national w aterw ays. ^
It has now been predicted by notable b iologists that even the 
oceans m ay not be powerful enough to  susta in  the onslaught of technological 
abusiveness. Jacques Cosbeau, one of the w orld 's  m o st famous under­
sea  ex p lo re rs , has p red icted  the death of the oceans within the next half
century  unless industria lized  countries "tam e com petition" and cooperate 
2
to  save them .
On the other hand, many of the capabilities that have enabled 
m an to degrade and destroy  his environm ent could, if applied w ith wisdom, 
enable him to m anage the environm ent for the genera l w elfare  of m an and
I
his planet. "W isdom" in the application of technology is the key to the 
fu tu re . However, the m ere  capability  to solve our environm ental p rob­
lem s does not in su re  that these p rob lem s w ill in tim e be solved. More 
laws on pollution a re  not the answ er to to ta l secu rity  of environm ental 
w elfare . A new insight into cause and effect m ust be conceived and 
accepted by society .
A new sensitized  lifes ty le , o r "co n sc io u sn ess ,"  as R eich
3
d esc rib es , m u st take place in the m ind of the public before the m om entum  
can be overcom e. In R eich 's  concepts, C onsciousness II people look at
^Paul B. W eisz, The C ontem porary  Scene (New York; McGraw 
H ill, 1970), p . 294.
2
News R elease , "D eath of Seas P re d ic te d ,"  A ssociated  
P r e s s ,  O ctober 18, 1971.
3
C harles  R eich, G reening of A m erica  (New York: Random 
House, 1970).
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tra ffic  congestion on the freew ay as m ere ly  a factual event. Some, de­
pending on the specia lized  c h a ra c te r  of th e ir  in te re s ts  and p ercep tio n s, 
m ay see p rob lem s of urban design, m etropo litan  governm ent, o r  public 
finance. H ow ever, to the C onsciousness III p e rso n , the congested f r e e ­
way also  is viewed as a p roblem  of m an /env ironm en t re la tio n sh ip s.
Until an enlightened c itizen ry , the only effective o rig ina to r of a coheren t 
po litica l philosophy fo r human needs, re a c ts  in  a  positive way, no sound 
and lasting  environm ental policy cam be developed.
Time is running out. " . . .  A ccum ulating evidence reco rd s  
accum ulative abuse of the e a r th  to a  point that req u ires  p rom pt and 
effective ecological m anagem ent if  . . . [m an 's] . . . voyage through
4
space is not to  be draw n to an untim ely end. " E nvironm ental abuse is 
now at such a s ta te  of in tensity  that " . . .  v e ry  little  effective w ork  can 
be done sh o rt of one to th re e  genera tions. . . . "^
U nless a  univers ail effo rt is m ade in the 1970's to redefine 
the ancient philosophy, ". . . be fru itfu l, and m ultiply, amd rep len ish  
the e a r th , and subdue it; and have dominion . . . , "^ " . . .  it w ill not 
m a tte r  w hether m an does o r does not lead  a m eaningful life in  a good 
socie ty , and it w ill not even m a tte r  w hether the ra ce s  o r nations do or do 
not m ake love o r w ar; for th e re  w ill not be enough le ft of mam to w o rry  
about.
4
C aldw ell, E nvironm ent, p . 92. 
^W eisz, C ontem porary  Scene, p . 292.
^G enesis 1:28. (RSV).
^W eisz, C ontem porary  Scene, p . 279.
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We m ust bring the human population of this p lanet into balance 
with its re so u rces  and le a rn  to avoid fouling our environm ent so that we 
m ake possib le fo r ev ery  m an, not m ere ly  an an im alistic  su rv iva l, but a 
life tha t p erm its  the enjoym ent of basic  human values, the beau ties of 
nature and a r t ,  and the flow ering of individual c rea tiv ity . One of the 
keys to coexistence in a conflicting environm ent is  w a te r. If we can 
clean up and m ain tain  unpolluted w aterw ays, m any of the com peting 
values w ill be elim inated .
R elations of Environm entéil Q uality to 
P ro b lem s of Public A dm inistration
With the preponderance of w ritings available on the ecological 
issu e s , it is d ifficult to rem em ber that p r io r  to the 1960's no c le a r-c u t 
concept of public responsib ility  for environm ent ex isted . It th e re fo re  
follows that concern  fo r the quality of the to ta l environm ent has been the 
business of a lm o st no one in public life . It becam e evident during the 
decade of the 1960's th a t conditions of the environm ent w ere  inevitably 
becom ing issu es  fo r public re sp o n sib ility . The N inetie th  and N in e ty -firs t 
C ongresses in troduced and debated a num ber of b ills  which se t p recedence 
for accepting environm ent as a leg itim ate  focus fo r public policy in the 
United S tates. The N ational Environm ental P o licy  Act of 1969 signzded 
the beginning for governm ent to provide a  basis  from  w hich the environ-
g
m ent could be legally  enhanced.
g
C aldw ell, Environm ent, p . 10.
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What was s ti l l  lacking, however, was the popular consensus 
as to the d irec tion  public action would take. T here  was abundant activity  
among the m ore  vocal segm ents of society as to how public responsib ility  
should be im plem ented and how specifics, such as co s ts , should be 
allocated. Two basic viewpoints a re  involved in public decision-m aking 
regard ing  n a tu ra l re so u rces : the "m arket"  view and the "ecological" 
view. The f ir s t  view sees  the re la tiv e ly  free  play of econom ics and 
po litica l fo rces  as the m o st feasib le determ inant of environm ental 
policy. The la tte r  view sees the natu ra l w orld, including m an, as de­
pendent fo r su rv iva l upon the m aintenance of the delicate balance of
9
na tu re . U nfortunately, the operation  of official bodies, whose decisions 
are  usually  charged w ith conflicting values and p re s su re  from  special 
in te re s t groups, re su lts  in no acceptable guideposts for determ ining 
"public in te re s t. " E nvironm ental issues which affect w a te r , a i r ,  life , 
and n a tu ra l re so u rces  a re  not exem pt from  po litical f ra ilty . Because of 
these re a li t ie s ,  public officicds have m ade ra tionaliza tions and com pro­
m ises  resu ltin g  in decisions w hich jeopard ized  the public in te re s t.
The environm ental quality m ovem ent is and w ill continue to 
be very  heavily dependent upon the aroused  determ ination of o rganized  
citizens fo r its po litica l s treng th . U nfortunately, the fu ture p ro sp ec ts  of 
environm ental quality  a re  s till only vaguely perceived  in the m inds of 
m o st individuéil c itizen s. As w ith many propositions involving the pocket
^Ibid.
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book, there  is a b ias in defining the idea of "quality. " Few citizens w ill 
readily  support the s tr ic t  requ irem ents of "operational"  environm ental 
quality. When, for exam ple, businesses a re  h u r t from  re s tr ic tin g  
roadside advertising  or sa le s  of speculative re a l  e s ta te , popular opinion 
for environm ent has notably dim inished. F ortunate ly , there  are  indications 
of a change in A m erican a ttitudes. Increasing  knowledge regard ing  the 
disruption of n a tu ra l space has kindled new attem pts a t planning and 
adm in istra tion . The experim ental new city  p ro jec ts  and the new concern 
of the youth for environm ent a re  rea ssu rin g  signs that public attitudes 
may eventually change.
The growth of sound environm ental policy can take place only 
if two o ther developm ents evolve. F i r s t  and fo rem o st, the individual 
c itizen  m ust begin to see the com prehensive environm ent as a leg itim ate 
and n ecessa ry  fie ld  for public action. Second, m eans m ust be found for 
m ore effectively organizing public institu tions and agencies in rela tion  to 
th e ir  responsib ility  to environm ental quality. The second is not m utually 
exclusive of the f ir s t .  We w ill not eas ily  find the answ ers to positive 
environm ental developm ent and contro l until leg is la tiv e , organizational, 
and adm in istra tive  po litica l efforts can be in telligently  d irected . The 
d irec tio n  m u st come from  the people. This is not an axiom  of govern­
m ent; it is an axiom of life .
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The City: Ecological D isa s te r  A rea 
Following World War II, the ideas and values of the A m erican  
public w ere  se lf-cen te red  and p erso n a l ra th e r  than socia l. The re tu rn ing  
G .I. was ready  to se ttle  down with a good job, a house in a quiet neighbor­
hood, good food, a share  of the consum er goods, and a little  le isu re  to 
ra ise  his fam ily. In re tro sp ec t, th e re  w ere  ju s t two things wrong w ith  
this attitude: (1) i t  la id  i ts  m ain  em phasis on p ersonal satisfaction ; (2) 
the exclusive p re fe ren ce  fo r p erso n a l o r priva te  satisfactions over 
public needs insured  that environm ental quality would su ffer. R esult: 
autos, not balanced tran sp o rta tio n  sy stem s; houses, not habitable c lo se - 
knit com m unities; school buildings, not good instruction . Conscious 
and p iecem eal se lection  of m a te r ia l th ings, which had been  denied during 
the D epression , was m ore  im portan t than the la rg e r  in te rre la ted  system .
The uninspired  po litica l leadersh ip  in the c ities  was reflective  
of the apathy of the c itizen ry . The auto made i t  possib le fo r the m id d le - 
c lass  blue- and w h ite-co lla r w orker to  live in the suburbs while the slow 
ro t of the inner c itie s  took p lace .
The plans and prophecies of Lewis M umford w ere  ignored.
The narrow  p ersp ec tiv e  of the postw ar conservative  m ovem ent encouraged 
the urban spraw l and industria lization  th a t would foul the a ir  and w a te r ­
w ays. The b u lld o zers , b illboards, and fac to ries  w ere the banners of 
postw ar p ro g re ss  in the c itie s . E asy  assum ptions w ere  m ade that the
^^Lewis M umford, The Condition of Man (New York: H ar-
cou rt. B race  and C o . , 1944.
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m inorities  in the inner city would rem a in  content as second-class c itizens 
and that a p ro g ressiv e  and affluent country had to be filthy and polluted.
The postulation of Dcinsereau, known as the Law of P e rs is te n c e ,
s ta tes : m any sp ec ies , especia lly  dom inants of a com m unity, a re  capable
of surviving and m aintaining th e ir  spa tia l position  a fte r th e ir  habitat and
even the clim ate itse lf  have ceased  to favor full v ita lity . The industria l
11c itie s  of A m erica a re  co res  of human p e rs is te n c e . T here are  env iron­
m ents in these c ities  w hich a re  conceded to be dangerous in m any re sp ec ts  
fo r human habitation, yet city governm ent has not dealt w ith these a re a s  
ecologically. There has been in c reased  police su rveillance; insurance 
ra te s  have increased ; but the environm ent is  accepted, and little  e ffo rt 
is made to tran sfo rm  it. U rban renew al could be cited  as an attem pt to 
change human ecology, but no urban  renew al p ro je c t in A m erica to date 
has successfu lly  c rea ted  a new environm ent without problem s as severe  
as the old ones. F o rm e r p rob lem s have not been solved but m ere ly  d is ­
p laced  to  some new locality . L ocal com m unities throughout the nation 
have been struggling w ith  p rob lem s of housing, sch o o ls , w a te r supply, 
w aste  d isposal, tran sp o rta tio n , rec rea tio n , and urban  renew al. Still the 
decision-m akers of the c ities  fail to think in  environm ental te rm s .
Econom ic "needs" a re  the m ost w idely-accepted  ra tiona liza tion  
fo r justifica tion  of exploitive use of the environm ent in the nam e of p ro g re ss .
^^Thomas R . D etw yler, M an 's Im pact on Environm ent (New 
York: McGraw H ill, 1971), p . 5.
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The congested m egalopolis exem plifies th is  nonsense of econom ic n ecessity . 
An exam ple is the sp ira ling  cost of re a l esta te  in the urban c e n te rs . T here 
is no in trin s ic  value to the land in low er M anhattan. Its  econom ic value 
is  socia l. New York cannot afford open space o r conservation  of aesth e tic  
am enities. On the o ther hand, one could argue that humein needs fo r open 
space in the h e a r t of a populous city  could m ake the land too valuable to 
build upon, but society has no operational way of making th is  need 
effective.  ̂^
It becom e soberingly c le a r  in 1965 that the p e rs is te n ce  of 
the c itie s ' in d u stria l behavior p a tte rn s  had brought about c ircu m stan ces  
in w hich environm ent was to becom e a fac to r in public policy when, in 
the sum m er of 1965, fo r the f i r s t  tim e since S herm an 's m arch  to the sea , 
our c ities  had been put to  the to rch . The seeds of those hot sum m ers 
th a t followed w ere p lanted by public policy  to keep a whole race  in an in ­
fe r io r  s ta te  by approaches to econom ics th a t accepted poverty  and slum s 
as inevitable, and by national default of conscience that produced a d e­
graded socie ty  and a destroyed  environm ent.
Why has the g re a te s t sc ien ce -cen te red  socie ty  in  h is to ry  not 
developed a  science of hum an se ttlem en t?  Why is  our in d u stria l com plex 
able to send rockets to the moon, but unable to renovate the environm ent 
w here we now live? And we wonder why our ch ild ren  do not accep t our
^^Caldwell, Environm ent, p . 129.
W atts, C alifo rn ia , 1965.
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value system s.
Such planning as has taken p lace has been dictated  by the
sh o rt- te rm  econom ics of the m ark e t place and by eng ineers that do not
consider basic  hum an needs. D ecisions on tran sp o rta tio n , land use,
14and w ater re so u rce s  have not exactly  been quality -o f-life  centered.
The m isuse of the w ater e s ta te s  around the c ities is a case  in point. 
With the m ost superb  w atcr^based  s ites  for c ities in the w orld--San  
F ran c isco , New Y ork, S ea ttle , San Diego, Chicago, Boston, St. L ou is- 
the A m erican  push for econom ic p ro g re ss  has squandered these g rea t 
a s se ts . New Y ork has m ore w aterfron t than any city  in the w orld, but 
un treated  sew age, m isp laced  highways, and rotting c lu tte r have cut off 
New Y orkers from  th e ir  own sho re line . M oreover, the specu la to r- 
developer who carv es  up the countryside w ith p lan less urban spraw l is 
looked upon as an honored agent of "grow th and p ro g re s s . "
As long as local governm ent is dedicated to the proposition  
that any growth is  acceptable, i t  w ill be ex trem ely  difficult for any new 
approaches to planning to be accepted . Even gas s ta tions and d riv e -in  
re s ta u ran ts  have le ss  prob lem s getting zoning changed than new c lu ste r  
developm ent neighborhoods w hich do not m ee t the p rov inc ia l ordinances. 
In 1968, som e noted dem ographers p red ic ted  that on the
^^Stuart L . U dall, 1976: Agenda fo r Tom orrow  (New York: 
H arcourt, B race & W orld, 1968), p. 48.
^^ Ib id ., p . 32.
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bases of p as t growth, A m erican population figu res would reach  300
m illion w ell before 2020 and probably a billion by 2080. A g re a t many
governm ent and business analysts unquestioningly accepted th is assum ption
as a m ajo r fac to r fo r national planning. So w idespread  is th is way of
thinking today tha t it is taken as a fact of life . To suggest that there
could ever be too m any A m ericans is inviting suspicion of one 's p a trio tism
16and faith  in dem ocracy. To suggest th a t a new form  of econom ics and 
a new view of life is possib le  is ailso p rep o ste ro u s . Only hippies and 
ecology freaks d iscuss such ab su rd ities .
An Enlightened A m erican  Middle C lass  ?
One in teresting  new viewpoint on socie ty  has been derived by
B. F . Skinner, the world-feimous H arv ard  psychologist. He has p red icted
a d ras tic  cu ltu ra l redesign  fo r the A m erican public. He postu lates that
citizens m ust be sen sitized  through the m ed ia  to . . give up individual
righ ts . . . . A v as t system  of behavioral con tro ls  w ill be designed
to re in force a ltru is tic  behavior éind elim inate se lfish  behavior, which he
IRclaim s is the cause of w ar, over-population, and pollution.
R eich  has identified socie ta l c h a ra c te r is tic s  in his C onscious­
ness II level of hum an behavior which believes in the c en tra l ideology of
^^ Ib id ., p . 45.




technology, the dom ination of m an and environm ent. Society functions
19b est if it is planned, organized, ra tiona lized , and adm in istered .
Confront m en of C onsciousness II with any l is t  of ev ils and the response 
is cheerfu l. They see signs of im provem ent. They com pare the p re se n t 
favorably w ith the ev ils of the p a s t which have been overcom e. The 
problem s of A m erica can be solved with m a te ria l p ro g re s s , expanded 
technology, is th e ir  belief. They have heard  it sa id  by experts  on 
television.
Both of these  views of society see the co rpo ra te  s ta te  running 
smoothly by m eans of willing p roducer and willing consum er, who d esire  
what the s ta te  m akes him  want. The c itizen  is sensitized  by te lev ision  
to believe what the s ta te  knows he should believe. Above all, produce, 
p ro g re ss , and grow. No one is supposed to step fo rw ard  to ask , "Who 
w ill determ ine what is b es t fo r m e?"  Everything in A m erica today is 
designed for a w hite, m iddle-incom e m ale , age 18 to 25, exactly six 
feet ta ll ,  weighing 185 pounds. ^0
Suppose the values of technology and p ro g re ss  which have 
rem ained unquestioned a re  challenged. Suppose "p ro g re ss"  w ere to 
somehow be subordinated to the values of ecology and conservation. 
Suppose a significant segm ent of the c itizen ry  suddenly becam e C onscious­
ness III. U nder such c ircu m stan ces , the co rpo ra te  state van ishes. People
^^Reich, Greening of A m erica, p. 69.
^®John Kenneth G albraith , "The Econom ics Revolution, " The 
T ulsa W orld, M arch  1, 1970, p . 12.
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a re  no longer dom inated by the m achine. The change in  consum er m otive
has a trem endous im m ediate im pact. They buy only those things which
satisfy  re a l needs, not the needs invented by in d u s tr ia lis ts . The con-
? 1sum er regains power over what is produced.
The national environm ent is being stead ily  destroyed  by the 
w orks of m an and a m ere  change of opinion o r  po litics is not enough to 
re v e rse  the action. " . . . If we decide that th e re  should be m ore  c o n s e r­
vation, but at the sam e tim e believe in  the basic  value of econom ic and 
technologic 'p ro g re s s , ' no p ro g ram  fo r conservation  w ill be effective; 
conservation  w ill always be too expensive o r co n tra ry  to  public in te re s t.
. .
The conflict of philosophy here  is between au tho rities  who 
p reach  g re a te r  con tro l of individual freedom  and those who believe that 
com plete freedom  is possib le  and d es irab le . The youth m ovem ent in the 
un iversities  and colleges a c ro ss  the w orld  h as , p e rh ap s, a significant 
ro le  in generating th is  conflict. If the change to C onsciousness III is not 
re v e rs ib le , as R eich  p re d ic ts , the m atu ring  of today 's  youth m ay bring 
some in teresting  developm ents in A m erican cu ltu re .
The Engineering System  in the Public Sector 
S cien tists have no specia l qualifications fo r form ulating  goals
V ictor Papanek, D esign fo r the R eal W orld (New York:
Pantheon Books, 1971), p . 10.
^ ^ b id . , p . 316.
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for society. T h e ir tra in ing  and in te re s ts  a re  exceedingly narrow . T heir 
exposure to so c ia l/c u ltu ra l problem s is usually lim ited  or nonexistent. 
Y et sc ien tis ts  and engineers p lay significant ro les in determ ining what 
is feasib le , what kind of knowledge is req u ired , and what a re  the likely 
consequences of various cou rses of action.
Much of sc ien tific  re se a rc h  is governed by socia l needs. 
Knowledge of what these needs rea lly  con sis t should be defined in  a m uch
m ore sophisticated  m anner if science is to m ore  adequately fu lfill its
23 ' socia l ro le . M ore re se a rc h  should force considera tion  of basic  value
questions: what is a "good" environm ent, w hat kind of environm ent 
should be sought, what data  are  valid  ind icators of in teracting  effects on 
environm ental fac to rs  and people ? Several c r ite rio n  have been adopted 
by engineers in the determ ination  of socia l needs, fo r instance, the 
"higher p rio rity "  c r ite rio n . The p o litica l pow er s tru c tu re  dom inates in 
the case of m ilita ry  as opposed to civ ilian  p re -em p tio n  of re so u rce s ,
, and econom ics takes p re fe ren ce  to in d u stria l over individual co n s id e r­
ations. The "m ultip le use" c r ite rio n  seem s a  logical determ inan t for 
serving environm ental in te re s ts , but here again the value variab le  in 
benefit-cost analysis is  always associa ted  w ith econom ic value. The 
"benefit-cost" system  is  a th ird  c r ite rio n , but the m ethod of calculating
^^Rene J .  Dubos, "S cien tists Alone C an 't do the Job , " 
Scientific R eview , D ecem ber 2, 1967, p . 69.
24Caldw ell, Environm ent, p . 22.
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costs  and benefits is  no m ore  valid than are the analytical techniques
■which a re  incorporated . Intentional o r  inadverten t m isuse  o r m is judgm ent
of value is  an inheren t flaw in th is system . Com plete objectiv ity  is im - 
?5po ssib le . E ngineers a re  often so intent in th e ir  self-m ade problem s
th a t they cannot detect p rob lem s of human life . " . . .  W itness the kind
of ir ra tio n a l ju stifica tio n  given for the manned space p ro g ram . This
m ost sophisticated  scien tific-technolog ical effort is , in fac t, supported
Z6by a to ta l re jec tio n  of rea lity . . . . "
T here is  s till  another viewpoint on technology tha t was 
m entioned at the beginning of th is  chapter but has not y e t been explored. 
P erhaps i t  is  possib le  to c rea te  the in te llec tual a tm osphere fo r the kind 
of com plex ecological thinking that w ill be req u ired  if conservation  is to 
becom e m o re  than a sentim ental word. The definition of ecological im ­
p era tiv es  w hich can make conservation goals viable do req u ire  sc ien tific  
knowledge, but not the kind of scien tific  knowledge our school system s 
p resen tly  develop.
The p ro sp ec t of the eventual depletion of the n a tu ra l re so u rces  
of the e a r th  could undoubtedly be w e ll-se rv ed  by a technology whose task  
would be to d iscover a lte rna te  designs which would affect a decrease  in 
the use of th ese  re so u rc e s . At p re sen t, the educational system  is tooled 
fo r teaching only the science of increasing  production which req u ires  
m ore energy , w a te r, a i r ,  space, m a te r ia ls , and s tr e s s .
^^Ib id ., p . 10. ^^Dubos, Scientific R eview , p. 69.
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A rev ised  goal for education would be to develop the kind of
science that would help in preventing the destruction  of environm ental
27values w ith which hum an values a re  enm eshed. It could, p e rh ap s , 
prevent the day from  coming when all the n a tu ra l re so u rces  of the ea rth  
a re  gone.
^'^Ibid.. p . 71.
CHAPTER I I I  
WATER USE IN THE AMERICAN CULTURE
The to ta l am ount of w ater used in the United States in 1900 
fo r a ll p u rp o ses, including m anufacturing, irr ig a tio n , food production, 
and human consum ption, w as about 525 gallons daily for each A m erican  
citizen. In the f i r s t  sixty y ears  of this cen tury , the to ta l use of w ater 
p e r p e rso n  n ea rly  trip led  to 1, 500 gallons. At the p re se n t ra te  of in ­
c re a se , it is expected th a t w a te r consum ption w ill reach  alm ost 2, 000 
gallons p e r  cap ita  by 1980. Roughly 50 p e rcen t of the consum ption is 
fo r a r tif ic ia l irr ig a tio n  and does not include use of ra inw ater by c ro p s. 
Some 97 p ercen t of the w o rld 's  w ater is s to red  in the oceans and has a 
chloride content too high to m ake it  usable fo r p ra c tic a l pu rp o ses . Of 
the rem aining 3 p ercen t, which is f re s h w a te r ,  alm ost 98 p e rcen t is  tied  
up in the ice caps. Since freeing  th is w ater would not be feasib le , there  
appears to be no p rac tica l way to in c rease  the to ta l supply of the w orld ­
wide w ater for consum ptive use. Some of the w ate r in the hydrological 
cycle is subject to reuse  and is reu sed  up to fifty tim es in some riv e r 
sy stem s. However, the huge amount o f w a te r req u ired  by living p lan ts 
is re tu rned  to the hydrôlogic cycle d irec tly  and cannot be reused  by m an
33
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im m ediately. ^
This ra th e r  sm all to ta l supply of f re s h w a te r  is  now being 
reduced. Man is rem oving f re s h w a te r  from  the continents fa s te r  than 
the hydrologie cycle rep laces  it. I t is  estim ated  that N orth  A m ericans 
take about twice w hat the hydrologie cycle re tu rn s  to accessib le  r e s e r ­
v o irs . Ground w ater re se rv e s  are  being depleted a t an increasing  ra te  
and w ill soon fa ll below that n ecessa ry  to m eet w ithdraw al dem ands.
S im ilar shortages w ill occur in  many a reas  of the w orld , and a num ber 
of notable sc ien tis ts  a re  anticipating a worldwide c r is is  un less alternative  
m easu res  a re  taken. ^
Even though the w ater demand does not re fle c t the d isappearance 
of w ate r, th is  o v er-u se  has o ther ram ifications w hich are  significant in the 
policy determ ination  fo r w a te r usage. It is im possib le to rem ove a ll im ­
p u rities  under p re se n t tre a tm e n t m ethods, and these  im p u rities  become 
concentrated as the w ater is used over and over. F o r  instance , chem ical 
and biological changes, known as eu trifica tion , have o cc u rre d  in a ll the 
G rea t Lakes except Lake S uperio r. These changes, c h a ra c te r is tic  of 
sm all lakes but rem ark ab le  for such large  lak es , have com e about over 
the re la tiv e ly  sh o rt tim e of fifty  to six ty  y e a rs . M an's ac tiv itie s  c lea rly  
have acce lera ted  the ra te  of eu trifica tion . This acce le ra tio n  has been 
g re a te s t on the lakes n ear the la rg e s t population growth.
^Paul and Anne E h rlich , Population R eso u rces: Environm ent 
Issu es in Hum an Ecology (San F ran c isco ; W. H. F reem an , 1970), p . 64.
^ b i d . , p. 65.
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A lso, g ro u n d w ate r m ay derive a wide varie ty  of m a te ria ls  
from  m an 's  w aste-producing activ ity . C hem ical c h a ra c te r is tic s  of norm al 
ground w ater m ay be in creased  in concentration from  the degradation of 
organic solids in hum an and in d u stria l w aste , and from  s to rag e , t r a n s ­
porta tion , and use of w ate r fo r irr ig a tio n  and industry . If f ra c tu re s  o r 
f is su re s  bypass the biologically  active m antel of the e a r th  and lead w ater 
d irec tly  from  the su rface  to the ground w a te r, m ic ro -o rg an ism s m ay jo in  
the soluble chem ical. The m ost serious c u rren t h azard  of m an 's  ac tiv ities 
lies in the build-up of sa lin ity  in  the ground w ater to levels  w hich could 
ren d er w ater u se le ss  to  a ll the beneficial uses to which such w ater is put.
U nder our existing sta te  of food production technology, the 
giant u sers  of w ater for life consum ptive purposes po ten tially  a re  s till  
the m o st th irs ty . T he ir ultim ate demands upon available s to re s  of w ater 
can be enorm ous. The m o st p ress in g  fac to r lim iting  the capacity  of the 
e a r th  to support the sp ira ling  population is the supply of food. However, 
th ere  are  m any d isp a ritie s  between dem ands fo r w ate r se rv ices  and the 
w ate r supply available, both locally  and on a worldw ide b a s is . It is 
tow ard the lessen ing  of these  d isp a ritie s  th a t eng ineers should be d irected .
By exam ining the fundam ental ch a ra c te r is tic s  of w ater u se , it 
w ill perhaps be possib le  to gain some insight into available a lte rn a tiv es  
fo r w ater consum ption.
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H isto rica l Background of W ater Development 
in Ame r  ic an C itie s
The dom estic use of w ater is un iversally  c lassified  as 
the m o st im portan t beneficial use of that re so u rc e . W ater 
is essenticd to life - - th e  life of a  c ity  as w ell as the life of a 
human being. Without w ate r a m an  d ies. Without w ate r a 
com m unity faces the sam e fate. ^
Suppose tha t through some strange act of sabotage, New York 
City o r any o ther g re a t c ity  w ere  to be deprived of its  en tire  w ater supply. 
The re su lts  would not be instan tly  as horrify ing  as the explosion of a 
hydrogen bom b, but the eventual d isa s te r  would be alm ost as dem oralizing 
to urban  life . The com plete confusion and fea r into which a m odern  city 
would be plunged by the lo ss  of its  w ater supply is  evidence of the p ecu lia r 
dependence of the urban  A m erican  upon the day-to -day  delivery  of safe 
and adequate w a te r for h is s ligh test whim. Y et, w ithout i t  c itie s  sim ply 
could not ex is t.
In 1790, A m erican  c ities  drew th e ir  w a te r alm ost exclusively 
from  sp rings, w ells , and c is te rn s - -so u rc e s  that becam e stead ily  m ore 
inadequate as the population grew . By 1860, m o st c itie s  had learn ed  a 
g re a t lesso n . No longer could tiiey depend upon in te rn a l so u rces of 
supply; at w hatever expense o r difficulty, they m u st impound the w aters  
of outlying lakes and r iv e rs  and bring these life-giving s tre am s  through 
aqueducts and pipes into the v ery  hom es of th e ir  c itiz e n s .^
3
U .S . , C o n g ress, House C om m ittee on In te rio r and Insu lar 
A ffa irs , The P h y sica l B asis  of W ater Supply and its P rin c ip a l Uses 
(Washington: 1952), p. 52.
k e l s o n  M. B lake, W ater fo r the C ities , p . 2.
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C ity life in the 1790’s was not a ll p ro fit and p leasu re . The 
dangers of f ire  in  the c lo se ly -bu ilt s tre e ts  and alleys was a constant 
th re a t, and the activ ities of volunteer bucket b rigades and p rim itive  
hand-pump engines w ere ineffective. F irem en  w ere often badly handi­
capped when the fire  o ccu rred  at a location w here abundant w ells or r iv e r  
w ater w ere not available.
The g re a te s t th re a t to the lives of the city  d w elle rs , however, 
cam e from  d isease . Epidem ics of sm allpox, yellow fev er, and others 
w ere common long before the 1790's, but the g rea t yellow fever epidem ic 
of 1793 in which over 4, 000 deaths o ccu rred  overshadowed a ll previous 
A m erican  experiences. ^
A fter no le ss  than th re e  s im ila r  attacks of the d read  disease 
in 1794, 1797, and 1799, the city  becam e involved in the in itia l attem pt a t 
public health  p ra c tic e s . Along w ith quarantines and o th er legal re s tr ic tio n s , 
city officials began to look a t the dangerous accum ulation of filth  in the 
s tre e ts . In 1794, the city  council o rd ered  five w ater c a r ts  to be provided 
fo r the reg u la r w atering and cleaning of s tr e e ts .  ^
Although p rim a ry  im portance w as s till  p laced  on increasing  
the quantity of w a te r , a few m en began to  in s is t that the w ater supply 
should be pu re . In O ctober, 1798, the B oard of M anagers of the m arine
^J. H. P ow ell, B ring Out Your Dead (Philadelphia: U niversity  
of Pennsylvania P r e s s ,  1949), cited by B lake, W ater fo r  the C itie s , p . 8.
^Blake, W ater fo r the C ities , p . 9.
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and city hospitals recom m ended that the city com m issioners " . . .  have 
the pumps frequently  and copiously w orked as the w ater is ex trem ely
•7
offensive and unwholesome. . . . "
Eventually, the A m erican c ity  dw ellers grew suspect of the 
community w ells located  adjacent to c e m e te rie s , c e ss  p o o ls , and stagnant 
ponds. A few attem pts w ere even made to im prove the public w ater 
supplies; one of the e a r l ie s t  was that of the M assachusetts  G eneral C ourt 
in 1652. This Boston en te rp rise  consisted  of the construction  of a tw elve- 
foot-square re s e rv o ir  fed through bored  logs from  nearby w ells and 
springs. In 1754, a  group of co lonists a t B ethlehem , Pennsylvania, 
constructed  a system  of w ater w orks supplying ev ery  house with piped 
w ater. L a te r , a few of the colonists moved from  Bethlehem  on to Salem , 
N orth  C aro lina , and in 1786, brought w ater a m ile and a half through 
conduits to its c itizens.
In 1772, two p riv a te  com panies constructed  a  system  of bored  
wooden logs to bring w a te r from  springs about a  m ile from  town to the 
inhabitants of P rov idence, Rhode Island . In 1774, a  v e ry  am bitious 
p ro jec t was in itia ted  to co n stru c t a system  of w ater w orks for New York; 
however, before this could be accom plished, the B ritish  occupation of
Q
New York as a re su lt of the R evolutionary War halted  the p ro jec t.
7
C u rr ie , M em oirs of the Yellow F e v e r , p . 108, cited by 
Blake, W ater for the C itie s , p. 11.
®BléJce, W ater fo r the C itie s , p. 16.
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The technical knowledge fo r building of w ater w orks was thus 
available. What was now req u ired  was fo r the city  dw ellers to abandon 
th e ir  trad itio n a l ru ra l  institu tions and provide the m ore com plex s tru c tu re  
n ecessa ry  for urban life .
During the f i r s t  half of the nineteenth century , a  g re a t num ber 
of A m erican  urban cen te rs  began developm ent of m unicipal w a te r sy stem s. 
By 1860, the six teen  la rg e s t  c itie s  of the nation, each  having 50,000 or 
m ore  inhabitan ts, w ere  se rv ed  w ith som e kind of w ate r w o rk s. Including
Q
the sm a lle r  c itie s , th e re  w as a to ta l of 136 com pleted by th a t y e a r . In 
the la rg e s t c itie s--P h ila d e lp h ia , New Y ork, Boston, B a ltim o re --w a te r  
consum ption in creased  so rap id ly  th a t by 1850, c itizens of each  of these  
c ities  w ere again w orrying about the adequacy of the com m unity 's supply.
The City of Boston had com pleted its g rea t C ochituate aqueduct 
p ro je c t in 1848 after opponents had argued that a  p lan fo r a daily con­
sum ption of 7 ,500,000 gallons w as v isionary . By 1853, the average daily 
consumption was 8, 542,000 gallons. The p rob lem  w as not in c rea sed  
u s e r s , but th a t each fam ily used so m uch m o re  than had been p red ic ted . 
The W ater B oard  com plained that tw o-th irds of the w a te r was w asted. 
H oses and p rim itive  to ile ts  ran  day and night. E specia lly  w astefu l w as 
the habit of allowing faucets to  run  wide open all night when the th re a t of 
freezing  pipes o ccu rred . So w idespread  was th is p rac tice  th a t during an 
especia lly  bad spell of Jan u ary  w eather, two in spec to rs  w ere  appointed
^Ib id ., p . 267.
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to p a tro l the s tre e ts  a t night listen ing  for sounds of running w ater in the 
house.
In a  day when w ater m e te rs  w ere p rac tica lly  unknown, the 
w asting of w a te r could not be checked. In the long run, increasing  urban 
consum ption of w a te r re flec ted  not so m uch w illful w aste as h igher 
standards of living. B athtubs, show er ba ths, and w ater c lose ts  con­
trib u ted  g rea tly  to the rap id  in crease  in w ater consum ption in the late 
1800 's. A t the tu rn  of the century , enorm ous quantities o f w ater w ere 
req u ired  for the beginning of the In d u stria l Revolution. Introduction of 
m odern household appliances such as washing m achines, autom atic d ish ­
w ash e rs , garbage d isp o sa ls , a ir  conditioning, and the new p rac tice  of 
lawn sprinkling becam e an A m erican  way of life . The ra te  of consum ption 
of w ate r in A m erica  had no p a ra lle l  in E uropean c itie s . By the la te  1930's, 
the average p e r  cap ita  use in ten  m a jo r  European c ities  was th irty -n ine
gallons per day. In ten  s im ila r  A m erican  c itie s , the ra te  was 155 gallons
. 11 p e r day.
B oston, like m o st o ther la rg e  c itie s  in th e ir  e a r ly  expansion, 
annexed a num ber of sm a lle r  adjoining towns form ing the M etropolitan 
W ater D is tr ic t in 1895. A fter se v e ra l attem pts a t developing sufficient 
w a te r re so u rc e s , the g rea tQ u ab b in  R e se rv o ir , consisting of 74,886 
a c re s  covering twelve towns and th ree  counties, was constructed . The 
new works in c reased  the safe y ield  from  133 m illion  gallons to 330 m illion .
^ °Ib id ., p . 268. ^^Ibid., p . 270.
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B altim ore construc ted  the Gunpowder R iver Dam in 1881, giving the city
a supply totéiling 150 m illion  gallons a day. At the tim e . New Y ork 's
supply was 100 m illion  and P h iladelph ia 's  50 m illion . By 1910, how ever,
B altim ore req u ired  an even la rg e r  supply. In 1918, B altim ore  annexed
fifty -s ix  square m iles  of adjoining suburbs. Steps w ere  taken to enlarge
the system , but the g re a t drought tha t began in 1929 was a lm ost d isa s tro u s .
In 1943, the c itizens finally  voted a $12.5 m illion  bond issue to in crease
12the supply to 243 m illion gallons p e r  day. Ph iladelph ia  did not ap p rec­
iably solve its  w ate r p rob lem s until the D elaw are w ater p ro je c t in 1945 
in c reased  the average supply to 500 m illion  gallons p e r  day at a  co s t of 
$285 m illion .
The consolidation of the G re a te r  New Y ork C ity doubled the 
c ity 's  population in 1889 to th re e  and one-half m illion  p erso n s w ith  an 
average daily consum ption of 372 m illion  gallons. D uring the y e a rs  b e ­
tween 1900-1910, im m igration  in crease  to the city  alone was over one 
and one-fourth  m illion . A fter a trem endous p o litica l battle  and one se rio u s  
w ater c r is is  a f te r  ano ther, construction  w as begun on the D elaw are Aque­
duct in 1937. The w ork w as s till  in its  e a r ly  stages when W orld War II 
halted construction . C itizens paid little  attention to the m ay o r 's  appeals 
to conserve w a te r until a serious drought in 1949 began to frigh ten  them 
into action. R estau ran ts  se rv ed  w ater only upon req u est; automobile 
owners w ere  forbidden to w ash th e ir  c a rs ; new regulations regard ing  a ir
^ ^ Ib id ., p. 274. l % i d . , p . 276.
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conditioning and re frig e ra tio n  w ere la id  down; house-to -house inspections 
to determ ine leaky faucets w ere authorized. F rid ay , D ecem ber 16, was 
proclaim ed  D ry F rid ay ; consum ers w ere  asked to reduce w ater con­
sum ption to  a m inim um ; m en w ere requested  to  forego shaving. So 
successfu l was this experim ent that D ry  Thursdays w ere observed for 
the next six  m onths. F o r  the f ir s t  tim e in h is to ry , the c ity 's  w ater con­
sum ption was actually  reduced. When the D elaw are Aqueduct was 
finally com pleted in 1955, it s tre tch ed  eighty-five m iles  and increased  
the safe yield to roughly 1. 5 b illion  gallons p e r  day.
The en tire  no rth e rn  coasta l region was experiencing difficulty 
in obtaining adequate supplies, and the ever-expanding population m ade 
c lea r the u ltim ate decision  th a t a source  of w ate r supply m ust be planned 
on a reg ional b as is . The In te rs ta te  C om m ission  on the Delaw are R iv er 
B asin  (INCODEL) was form ed to  develop a p lan  fo r providing the future 
m egalopolis with w ate r.
Stage one of the INCODEL plan was to build a re se rv o ir  in 
the D elaw are W ater B asin  la rg e  enough to se rv e  New York C ity euid the 
c ities  of n o rth e rn  New Je rs e y , while re leasin g  w ate r during late sum m er 
and fall for low-flow augm entation. Stage two, which proposed th ree  
additional re se rv o irs  on the D elaw are and its  tr ib u ta r ie s , would serve  
Ph iladelph ia , southern New Je rse y , and also in c rease  the available
^^Ibid., p. 281.
43
supply for New York C ity .
On the o ther side of the continent, the a r id  southern  C alifornia 
country begcin to experience the sam e urban developm ent p rob lem s. In 
1913, the fam ous 233-m ile-long  Los Angeles Aqueduct began to serve that 
city. By 1927, Los Angeles had annexed over 250 square m iles  of adjoining 
te r r i to ry  and a w ater c r is is  th reatened . It was th is  situation , together 
w ith the need for irr ig a tio n  and hydroelectric  power throughout the 
Southwest, that led to the g rea t Hoover Dam p ro je c t com pleted in 1936.
The 242-m ile Colorado R iv er Aqueduct was built in 1941.^^ The M etro ­
politan  W ater D is tr ic t of Southern C alifo rn ia  to taled  a 4, 000, 000-person 
ju risd ic tio n  covering 1,600 square m iles by 1950. D istribu tion  of w ater 
to many c ities  w ithin the d is tr ic t  increased  the C olorado R iv er Aqueduct
to  392 m ile s , making it the la rg e s t in the w orld. The Los Angeles aque-
17duct now s tre tch ed  a d istance of 350 m iles .
These g re a t public w orks, im p ressiv e  as they a re , s till do
not satisfy  the trem endous r iv a lry  for p r io r ity  for w a te r fo r irr ig a tio n
and dom estic use. E ng ineers a re  constantly debating the possib ility  of
desalting, recycling , o r m ilking the clouds. As ea rly  as 1953, P au l
Baumann rem arked :
In 1950 consum ption of potable w ater in the United States 
reached an estim ated  level of 170 billion gallons a day, or 
some fifty -eigh t cubic m iles  per y e a r . During the sam e period
^ ^ Ib id ., p . 284. l^ Ib id . , p . 286. ^ ^ Ib id ., p. 287.
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the usable volume of w ate r produced by ra in fa ll was only about 
fifty cubic m ile s .
This m eans that the w ater consum ed in 1950 was 116 
p e rcen t of the w ater produced, and th is m eans our national 
w ate r re so u rces  account was overdraw n. .
C lassifica tion  of W ater Use
W ithdrawal Use
The m inim um  life-susta in ing  needs of humans for w ater a re
re la tiv e ly  sm all. An individual probably could get along com fortably on
19one gallon a day fo r drinking and cooking. How ever, civ ilized  life ­
sty les demand m uch m o re . Table 2 shows how w ater is used in the 
average A m erican city  home.
TABLE 2. --W ater Use for D om estic P u rposes
Activity
P e r  C apita Use P e r  Day 
1950 1965
D rinking, w ashing, laundry, face and
hand, w ater c lo se t 19 gal. 40 gal.
T hree-m inute  show er 15 20
O ther (car w ash, lawn, garden) 16 30
T otal 50 gal. 90 gal.
Sources: Com piled from  N elson M. B lake, W ater for the C ities
(Syracuse: Syracuse U niversity  P r e s s , 1956), p . 622; George W. Reid,
L ec tu re , "W ater Supply and Sew erage, " 1967, Table 1
^^New Y ork T im es , M arch  17, 1953, c ited  by B lake, W ater 
for the C itie s , p . 287.
E . Jo rdan , "The P ro b lem s That F ace  Our C it ie s ,"  
W ater, The Y earbook of A gricu ltu re , 1955 (W ashington: G overnm ent 
P rin tin g  Office), p . 651.
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In 1950, public u ses, like f ire  contro l and s tr e e t  washing, 
added another ten  gallons p e r  person ; com m ercia l and undifferentiated 
industria l u ses, twenty gallons p e r  p e rso n  m ore . System  loss  was ten 
gallons. T hus, the average urban dw eller in  1950 was p a r t  of a house­
hold, public o rd e r, and trad ing  system  which demanded w ater a t the ra te  
of ninety gallons p e r  capita  p e r  day. By 1965, th is  figure had in creased  
to 150 gallons p e r  cap ita  p e r  day. Of th is amount, only 10 p ercen t 
actually  d isappeared; 90 p e rcen t was re tu rn ed  to w ater courses o r to 
ground w ater.
The la rg e s t  d isappearance of w ate r fo r life uses from  con­
cen tra ted  supplies is fo r irr ig a tio n . Roughly 60 p ercen t of the irr ig a tio n  
w ater is re tu rn ed  to ground w ater o r s tream  flow afte r application to 
c rops o r p a s tu re .
The v a s t amount of w ater used by n o n -irr ig a te d  p lant growth 
on farm  land s till m ay be m uch le ss  than crop and p astu re  p lants m ight 
use if they received  the am ount of w ate r optimum to th e ir  growth. As 
ag ricu ltu ra l m ethods and irr ig a tio n  im prove, th is consum ption and loss 
m ay g rea tly  in c rease  in  o rd e r to feed the m asses  of eventual inhabitants 
of the ea rth .
^^Udall, 1976; Agenda fo r T om orrow , p . 51.
^^This es tim a te  is  a  rough figure and the range of irr ig a tio n  
efficiency probably is  som ew here betw een 50 and 70 p e rcen t. See K. A. 
M ackicham , E stim ated  W ater Use in the United S ta tes , C irc u la r  No. 
398, U .S . D epartm ent of A gricu ltu re .
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Few common in d u stria l p roducts a re  m anufactured without 
em ploym ent of amounts of w ate r w hich weigh m any tim es m ore than the 
finished m a te ria l itse lf . W ater is used as a solvent o r dilutent; as a 
m edium  of flotation, suspension, and heat exchange; and in  m any other 
w ays. Except a ir ,  it is  the m edium  of la rg e s t volume moving through 
fac to ries . An applicable illu s tra tio n  is the volume of use in m anufacturing 
the average autom obile. The ton of s te e l req u ire s  285 tons of w ate r in 
its  conversion from  iron  o re . About 115 tons m ore are  used for p ro ­
cessing  p la s tic s , te x tile s , o ther m e ta ls , e tc . Thus, each automobile
22m eans the w ithdraw al of about 400 tons of w a te r in its  m anufacture. 
How ever, d isappearance of w a te r from  in d u stria l use is s till  fa r  below 
irr ig a tio n  in its  demand from  concen tra ted  supplies.
Flow Use and O n-site  Use
The w ithdraw al uses a re  only p a r t of the se rv ices  given by 
w a te r. W ater requ irem en ts  fo r navigation, energy  production, support 
of f ish  and w ildlife, rec rea tio n , and w aste carry ing  constitute an im ­
p o rtan t segm ent of the nation 's  w ate r account. A ll of these w ater u ses , 
except w as te -ca rry in g , occasion com paratively  little  w ater d isappearance 
and v ery  little  change in quality . E nergy  production by n u clear re a c to rs , 
how ever, m ay becom e significant from  the standpoint of th e rm a l pollution
W eir, "Public W ater Supplies in the F u tu re , " Jou rnal
of the A m erican W ater W orks (1956), 755.
47
in the near future unless innovative m eans are  incorporated  to im prove 
th is inefficiency.
Flow and o n -site  w a te r uses a re  significant in w a te r demand 
because they p re sen t ce rta in  aspects of conflict w ith  consum ptive u ses. 
F o r instemce, w aste-carry ing  m ay make w ater unfit for consum ptive use; 
the quality of w ater fo r dom estic , industrie l, rec rea tio n , and fish  life 
m ay be decreased  when a s tre a m  is used as a w aste c a r r ie r .
W ater's  g rea t v e rsa tility  in use , th e re fo re , gives its  demand 
m ore dim ensions not encountered in the demands fo r o ther com m odities. 
Conflicting uses and d isappearance through use of w ate r p re se n t some 
challenges in  determ ining a lte rna tives for w ater use concepts and lifesty le 
changes. The potentiality  for running out of w ate r d istinguishes it from  
m ost other econom ic production functions.
Demand and Supply
Tim ing D iscontinuities 
A num ber of im portan t v ariab les  effect the dem and fo r w ater 
which m ay o r  m ay not co rrespond  to its availability . F o r  instance , m ost 
w ate r uses a re  not of continuously s im ila r  extent o r in tensity . The 
w ater level in surface o r underground re se rv o irs  m ay v ary  inverse ly  to 
dem and, causing shortages at d ifferen t periods of need. Even under the 
m ost ex trem e drought situa tions, irr ig a tio n  w a te r is dem anded only 
during the growing seasons. Of co u rse , in the southern  s ta te s  th is may
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be a lm ost year-round . In N ebraska and M innesota, i t  m ay be ninety days 
o r le s s . Even within the growing season , w ate r is not req u ired  over the 
. en tire  p rio d  of crop growth. Demand for other w ater se rv ices  is ,  on the 
whole, m ore  constant than irr ig a tio n . D om estic w ater supplies a re  
needed in w inter no le ss  than in sum m er except for lawn and garden 
w atering. M ost industry  seeks a schedule of continuous production. 
Demands for e lec tr ic  energy tend to peak in late autumn o r w inter. Use, 
as distinguished from  demand, shows seasonal ch a ra c te r is tic s  reflecting  
the unusability and tends to force adjustm ent of demand to availability .
L ong-range discontinuities have been m uch m ore difficult to 
tre a t than seasonal d iscontinuities. The basic problem s are  fo recasting  
any economic fluctuations and im portant re c u rre n t but probable non- 
cyclical fluctuations in m o istu re  p rec ip ita tion . Even though techniques 
are im proving fo r pred icting  incidence of demand and charting  probable 
availability  of w ater m ore accurate ly , these  problem s s till  occur.
The problem s of discontinuity have been dealt w ith, fo r the 
m ost p a r t ,  by attem pts to  im prove supply. The ziffluent standard  of 
living and greed  for in creased  productivity  have demanded th is . A ttem pts 
a t adjusting demand to m eet supply have been few and only successfu l 
w here reg ional conditions and other re s tr ic tio n s  made availability  of 
additional w ater re so u rces  im possible (such as space flight, for instance).
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Quality R equirem ents
P ro b lem s of quality requ irem ents have been g reatly  effected 
by increasing consum ption in the technological society . There are  
essen tia lly  th ree  m ethods of solving these p rob lem s: (1) im proving 
quality by trea tm en t of supply; (2) developm ent of sa lt- to le ra n t u se s , 
pairing  of to le ra n t uses w ith low -quality supply; and (3) ( le a s t desirab le  
politically) re s tr ic tio n  of use to p reven t quedity d e te rio ra tio n . The 
various trea tm en t m ethods a re  well-known, and no recen t innovations 
have em erged to significantly  chcuige the nature of w ater trea tm en t.
The pa irin g  of to leran t uses eind low -quality  supply has long 
been p rac ticed  in ag ricu ltu re ; sa lt- to le ra n t crops and sa lt- to le ra n t 
anim als have been p a ired  w ith w ater supplies of re la tiv e ly  high dis so lved- 
solids content. Industry  also  is using b rack ish  w a te r fo r cooling and 
cleansing.
R es tric tio n  of use to p reven t quality  d e te rio ra tio n  has been 
applied with some success  in the p as t decade. In addition, over 7,500 
m unicipal and in d u stria l sewage tre a tm en t plants have been constructed  
since 1952 in the United S ta tes. An im portan t point in the construction  
of sewage tre a tm e n t fac ilitie s  is that seldom a re  a ll im purities  rem oved 
which m ay be in jurious to the environm ent. E specia lly  in toxic in d u stria l 
w as tes , the build-up of dissolved solids over a  p e rio d  of tim e is becoming 
m ore c ru c ia l. T e r t ia ry  trea tm en t of m any w astes  is an inevitability  of 
the n o t-to -d is tan t fu tu re . With the th re a t of h igher tre a tm en t co s ts .
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c itie s  and industries  a re  beginning to consider m ethods of cutting back 
on w ater usage and reu se .
P ro b lem s of Q uantity 
Q uantitatively , n a tu ra l w ater supplies a re  unevenly dis - 
trib u ted  over the United S tates. Balancing these  geographic inequalities 
has becom e an ex trem ely  im portan t w a te r - re  source  developm ent over 
the p a s t decade. These efforts  have not only ra is e d  considerable eco ­
nom ic con troversy , bu t have had fa r-reach in g  ecological affects a lso .
The tran sp o rta tio n  of w a te r from  concentrated  supplies to loca lities  of 
concen trated  dem and is  b es t illu s tra ted  by the Im p eria l Valley irr ig a tio n  
p ro je c t. H e re , a fiasco  of p o litica l, econom ic, and technical fo rces  
com bined to rob  the poor eind pay the r ic h , while a t the sam e tim e d is ­
rupting some of the m o st sign ifican t ecological sy stem s in southern 
23
C alifo rn ia . One p ro je c t p roposed  in  R u ss ia  would have p laced dam s
in the tr ib u ta r ie s  of every  r iv e r  b asin , th e reb y  allowing no runoff to
escape into the ocean. E ngineers and p lan n ers  had made significant
p ro g re ss  on developm ent of the plan  until concerned  eco log ists w ere  able
to  convince the governm ent of the profound environm ental eifect such a
24p ro je c t would have.
C onservational consum ption is a  m eans fo r satisfying dem and
23C aldw ell, Environm ent, p . 46. 
^^Ibid . , p . 62.
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which has m ade little  p ro g re ss  in the United S tates. V ast w ater resou rce  
p ro jec ts  to  in crease  supply have been m uch m ore popular since they 
provide g re a te r  engineering and constructing  challenges. Recycling of 
w ate r in industry  fo r cooling or o ther purposes has recen tly  been so m e­
w hat successfu l, but no sa tis fac to ry  m eans for recycling dom estic w ater 
has been found in th is  country. Any m odern  technological developm ents 
fo r w ater d istribu tion  to cities have actually  been designed to increase  
consum ption since a m a jo r po rtion  of m unicipal revenue is collected  
from  w ater u se rs .
W ater conservation  can be affected in o ther w ays, such as 
substitu tion  of other re so u rc e s  fo r w ater. T ran sp o rta tio n , e lec tric  
pow er generation , re c rea tio n , and w aste d isposal by other m eans are  
exam ples of how dem and for w ater can be reduced . How ever, the tra d e ­
offs, both econom ical and in the depletion of o ther re so u rc e s , m ust be 
accounted for when th is is done.
M ultiple use is also a form  of conservation  since it is making 
use of the sam e w ater to se rv e  se v e ra l fo rm s of dem and sim ultaneously .
A key technique of m ultiple use is to elim inate o r m inim ize com petition 
between d ifferent demands and prom ote com plem entary  use . The objective 
of m ultip le-use  w ater re so u rce  p ro jec ts  is  to m axim ize econom ic and 
soc ia l benefits com pared  to the investm ent, operational, and lo ss -o f-  
léind costs in cu rred .
One la s t  notable fea tu re  of w ater supply éuid the hydrosphere
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as a whole is the g rea t quantity of w ater s to red  on o r within accessib le
p a rts  of the e a r th 's  c ru s t .  A sum m ary of estim ated  w ater available in
the e a r th 's  hydrosphere is given in Table 3. V ery la rg e  amounts a re
sto red  in the rocks below the root-zone of the so il. N early  th ree -fo u rth s
of all the f re sh  w ater thought to ex ist in the hydrosphere is  s to red  in the
outer c ru s t of the e a r th  to a depth of about 12, 500 feet. It m ay amount
25to m ore than eight tr i l l io n  acre feet. Finding how to use th is  trem endous 
amount of s to red  w ater is  a task  certa in ly  to be undertaken by a num ber 
of sc ie n tis ts . The ultim ate g re a te r  use of the oceans and accelera tion  of 
the hydraulic cycle a re  two other p o ssib ilitie s  for increasing  the supply 
of usable w ater for m an. However, the one tru ly  p ra c tic a l solution to 
m an 's  inevitable future need for m ore fre sh  w a te r would seem  to be r e ­
duction of use. Of eill p o ss ib ilitie s , this is the one le a s t likely to cause 
fu rth e r d isruption  of the delicate ecological balance of nature fo r which 
w ater is such a  v ita l requ irem ent.
25G eorge O. G. Lof, Technology in A m erican  W ater D e­
velopm ent (B altim ore; The Johns Hopkins P r e s s ,  1959), p. 10.
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TABLE 3. --E stim a te d  R elative Quantities of W ater Available Within the
E a rth 's  H ydrosphere
Index of %/T otal
Amount E s t.
M illion R elative to F  re sh
A cre Soil W ater
Item F eet M oisture P re se n t
OcecUis 1 ,060,000,000 51,960
A tm osphere, E a r th 's  C ru s t,
F re sh  W ater Bodies 33,016,084 11,618 100
P o la r Ice /G lac ie rs 24,668,000 1,209 74.72
H ydrated E a rth  M inerals 336 0.16 0.001
Lakes 101,000 5 0.31
R ivers 933 0.046 0.003
Soil M oisture 20,400 1 0.01
Ground W ater
F issu re s  to 2 ,500 ' 3,648,000 179 11.05
F is s u re s  2 ,500-12 ,500 ' 4 ,565,000 224 13,83
P lan ts  and A nim als 915 0.045 0.003
A tm osphere 11,500 0.56 0.035
Hydrologie Cycle (annual)
P rec ip ita tio n  on land 89,000 4 .4 -----
Stream  runoff 24,460 1 .4
Source: B ased  upon data given in C. S. Fox, W ater (New 
York: P h ilosophicéil L ib ra ry , 1952), cited by Edw ard A. A ckerm an and 
George O. G. Lof, Technology in A m erican W ater Developm ent (B alti- 
m ore: The Johns Hopkins P r e s s ,  1959), p. 12.
CHAPTER IV
FUTURE INFLUENCES ON WATER SUPPLY 
AND DEMAND
Technological Expansion 
In d u stria lis ts  would probably think of the future technological 
advances fo r w ater in te rm s  of how m ore w ate r can be produced so, in 
tu rn , m ore products can be produced. The econom ic conversion  of sa lt 
to sweet w a te r, new developm ents in rain-m aking techniques, accelera ting  
the hydrologie cycle, or re leasing  the so il m o is tu re , a re  th e ir  challenges 
to technology. The b iosphere, which m easu res  le ss  than eight m iles 
deep and com prises only a  thousandth of the p lan e t's  d iam eter, is m ade 
up of a fabulously im plausible se t of c ircum stances which combine to 
form  the environm ent. This thin envelope of a ir ,  w a te r, and so il, in ­
credible as it seem s, is the only location in the universe which m atches 
the c o rre c t se t of c ircum stances to susta in  the sensitive balance of life.
No c rea tu re  has, until v ery  recen tly , had the pow er to effect it to any 
g rea t extent.  ̂ I t is now conceivable that m an and technology could com -
^Jack B. G raham , W ater for Industry  (Washington; A m erican 
A ssociation for the Advancement of Science, 1956), p. iii.
54
55
p letely  change the whole ch em istry  and rhythm  of this phenomenon of 
life .
In the e a rly  days of d estru c tio n  of land and other na tu ra l r e ­
sources fo r in d u stria l expansion, people always had the luxury of good 
so il e lsew here . At some point in tim e, th is  luxury was no longer av a il­
able. At that tim e , technology began exerting  its fo rces  tow ard the com ­
petitive strugg le  to contro l the rem aining land and re so u rc e s . Some 
re la tiv e ly  recen t techn ical events impinging upon w ate r re so u rc e s  de­
velopm ent a re  of revo lu tionary  scope in th e ir  potential effect on the b io ­
sphere . A p rom inent exam ple is the im pact of in d u stria l use of nuclear 
energy m a te r ia ls . Man can m ake use of the energy of the sun, winds, 
falling w a te r, and ocean cu rren ts  without im posing th e rm a l s tre s s  on 
the to ta l e a r th  environm ent. How ever, w ith nuclear or th e rm o -n u c lea r 
reac tio n s, in c reased  th e rm a l s tre s s e s  a re  im posed, constituting th e rm a l 
pollution. B ecause a trem endous amount of heat is generated  from  
nuclear reac tio n s , a  copious volume of w a te r  is u sed  in the cooling p ro ­
c e ss . As m o re  n u c lear pow er p lan ts a re  constructed , w arm ing of the 
e a r th 's  surface could take p lace . A 1° C entigrade in c rease  would cause 
significant changes in p lant life to occur. At the p re se n t ra te  of energy 
production, an in crease  of about 7 p ercen t p er y ea r, th is  would take 
about ninety-one y e a rs . A r ise  of 3° C entigrade would m elt the ice caps, 
ra is in g  the ocean by some forty feet and drowning aill the m a jo r  c ities  of 
the w orld . This would take about 780 y ears  to achieve a t p re se n t tren d s.
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The e a rth  would reach  a s ta te  of uninhabitability if the m ean tem p era tu re
o 2was ra ise d  to 30 C entigrade, requ iring  a p erio d  of 980 y e a rs . The use
of nuclear reac to rs  for energy is probably  the fo rem ost technical event
likely  to affect the future use of re so u rc e s .
Expanding the Range of R ecovery D esalin ization  
The v as t siq>plies of the oceans have been a challenge for 
m an 's  beneficial use since exploitation of f re s h w a te r  supplies has 
approached m arg inal costs  (or a t le a s t  since desalin iza tion  has been 
openly subsidized from  the fed e ra l tre a su ry ). If any of the experim ental 
de salin ization  system s becom e successfu l and econom ical on a la rg e - 
scale b a s is , the effect could be fa r-re ach in g . Substantial use of de- 
m inera lized  w ater cannot be expected to have la rg e  effect on the use and 
developm ent of o ther w ater re so u rc e s . Its high u n it-co st m akes its 
applicability  to la rg e r  existing insta lla tions p rohib itive. Only in a few 
unusual c ircu m stan ces , such as expensive w ater d iversion  from  d istant 
r iv e r  system s, m ight large  quantities of converted sea  w ater be feasible 
fo r developm ent. Even w ith the advent of de salin ization , the sp ira l ing 
w ater supply problem  is  s ti l l  going unchecked.
Use of U ntreated  Sea W ater for Industry 
In recen t y e a rs , im provem ents in c o rro s io n -re s is ta n t alloys 
have led  to m a jo r  reduction in the co rro s io n  problem s of sea  w ater.
2
D etw yler, M an's Im pact on Environm ent, p. 220.
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Developm ents in w ate r tre a tm e n t to reduce the growth of m arin e  organism s 
in retain ing ponds, pipe lin es , and equipm ent, also have contributed to 
g rea te r  use of sea  w ater for cooling pu rposes. Some p ro g re ss  also has 
been m ade in the use of sea  w ater for flushing or washing operations, 
handling logs and wood chips in pulp m ills , and fo r laundering. Where 
polyvinyl chloride o r b itum inous-lined  piping is  used, the co rro siv e  
aspect of sea-w ater use has been m inim ized. The problem  of salin ity  
in cooling w ate r has been sa tis fa c to rily  solved by use of cathodic p ro ­
tection . B ecause of these  sev e ra l m ethods of controlling co rro sio n , 
clean sea  w ate r is now cheaper than m uch of the "sw eet" polluted w ater 
which req u ire s  considerab le  p re -tre a tm e n t.
The re su lts  of use of sea  w ater have not been appreciably 
effective in reducing the depletion of fre sh -w a te r supplies except in ex­
trem ely  w a te r -s c a rc e  reg ions. Except in co asta l reg ions, tran sp o rta tio n  
of sea  w ate r would make its w idespread  use p roh ib itive . Under the 
p re sen t system  of tra n sp o rt, duplicate w ater system s would have to be 
insta lled  to handle any extensive quantities. H ow ever, in planning w ater 
supplies in coasta l locations, c r itic a l evaluation of sea -w a te r  substitu tion 
should be undertaken, especia lly  if f re sh  w a te r is in sh o rt supply.
Recycling
The increasing  application and extent of in d u stria l w a te r r e ­
use probably constitu tes the g re a te s t potential fo r econom ic and écologie 
efficiency. M ost of the in d u stries  using la rg e  quantities of w ate r have
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been located w here supplies a re  am ple, but with growth in industria l 
concentration in these a re a s , w ater shortage has developed. C apital r e ­
quirem ents for converting to rec ircu la ted  w ate r system s have not been 
excessive in com parison  w ith other se rv ice  expenses o r in re la tion  to 
o v e r-a ll investm ent. In m any c a se s , the re c ircu la te d  w ater has p rover 
to be cheaper than the fre sh -w a te r supply.
U nfortunately, the justifica tion  for recycling  in  industry  has 
not been a concern  fo r environm ent o r  depletion of re so u rc e s . Public 
re la tions m ay be a fac to r in ce rta in  instances; but in the long view even 
these decisions a re  based , a t le a s t  p a rtly , on the objective of m axim um  
financial re tu rn  to the m anufacturer.
One solution to  the problem  of providing sufficient dom estic 
w ater is that of recycling  m unicipal w a te r in a s im ila r  m anner to in­
d u stria l recycling . Windhoek, the capitol of a r id  South W est A frica, 
has gained the d istinction  of becoming the f i r s t  city  in the w orld to use 
the com plete recycling of its  w aste w ate r d irec tly  to its drinking w a te r 
system . The to ta l affects of recycling  on health  a re  as ye t unknown; 
how ever, th e re  is known a potential h azard  of v iru se s  being concentrated
by recycling . E xperts  feel th a t recycling w ater should not be used in the
3
United States until health  fac to rs  can be m ore  re liab ly  dem onstrated. 
Recycling is an advancem ent in w ater technology which could prove to 
be beneficial in the fu tu re . I t does not, how ever, apply in the context
% bid., p. 201.
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of the p re sen t study because it  is a  technological innovation which has 
not been prom oted as a m eans for reducing use o r accom panied with cin 
innovation of e th ics; n e ith er has the apparently  obvious panace an de sa lin i­
zation p ro cess  described  e a r l ie r .
W eather M odifications 
A rtific ia l p recip ita tion  of m oistu re  from  the atm osphere has 
been a  tem pting subject for scien tific  attention because the atm osphere 
is n a tu ra lly  the m ost m obile p a r t  of a ll the e a r th 's  w ate r supplies. It 
also is a ttrac tiv e  because recharge  of w ate r into the atm osphere is auto­
m atic , consequent upon the evaporation and tra n sp ira tio n  effects of energy 
received  from  the sun. As in m any of the m ore  eco lo g ica lly p erv asiv e  
events of the tw entieth  century , active in te re s t in th is  sub ject did not 
significantly  begin until the governm ent began subsidizing experim entation.
W eather m odification probably has m e r it ,  but not because of 
the possib ility  of b asic  change in ra te  of to tal m oistu re  moving into o r out 
of the atm osphere in the hydrologie cycle. R ather, its  m e r it  is in its 
po tential fo r d istribu tion  of p rec ip ita tion  from  the a tm osphere , e ither 
geographically  o r  in tim e .
The re su lts  of w eather m odification effo rts  have aroused  some 
g rea t scientific  co n tro v e rs ie s . W eather m odification co n trac to rs  claim  
th e ir  ac tiv ities have d ire c tly  caused heavy in c reases  in p recip ita tion , 
while m eteo ro lo g ists  fee l that the effects of seeding, if any, a re  sm all.
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Although there  is  now g en era l ag reem en t th a t positive effects 
can be secu red  and that p rec ip ita tio n  can be in creased  under favorable 
c ircu m stan ces , the lim ita tions of the m ethod, the quantitative r e s u l ts ,  
and th e ir  p red ic tion  and contro l a re  not yet known w ith  any degree of 
ce rta in ty . It is  doubtful th a t the continued re se a rc h  efforts  sponsored  
by the N ational Science Foundation, notw ithstanding the definite benefits 
thus fa r  derived, w ill lead  to any sign ifican t re lie f  to the toted w ater 
re so u rc e  prob lem s of the w orld. Even though no dependable in c re a se s  
in w ate r supply can be obtained, re lie f  of drought and cultivation of 
additional ag ricu ltu ra l lands in c e r ta in  regions a re  definite benefits of 
w eather m odifications. In an eiganding , productive economy w ith s tead ily  
growing w ater req u irem en ts , the developm ent of all sou rces w ill ce rta in ly  
be ju stified . The undependable n a tu re  of th is source is  perhaps the m ost 
potent re a so n  fo r concluding that i t  w ill not d isp lace another m o re  re liab le  
so u rce .
Reduction of R e se rv o ir  E vaporation  L osses 
The s tead ily  expanding r e s e rv o ir  capacity  of the United States 
is  not a ll gain fo r w ate r supply. The extended w ater su rfaces  th a t have 
been c re a ted  have undesirab le  accom panim ent in  lo ss  of impounded w ater 
by evaporation. In te rm s of to ta l w ate r lo s t, the national evaporation lo ss  
exceeds a ll m unicipal supplies. L o sses  of th is  natu re  re p re se n t m a jo r 
volum es in com parison  w ith po ten tia l u ses. The con tro l of these lo sse s  
has been seen as a  tem pting application of technological innovation.
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Large raw -w ater lakes a re  not ju stified  for costly  s tru c tu ra l 
covering, but m inim izing su rface  a re a  by increasing  depth is advantageous. 
U nderground sto rage in w ell-seeded n a tu ra l form ations is also a p ra c tic a l 
solution. Another p ossib ility  is the use of non-volatile im m iscible liquid 
on the re se rv o ir  su rface . E xperim ents w ith such liquids have been r e ­
m arkably  successfu l.
The advantages of evaporation con tro l a re  n u m ero u s. In 
m ultipurpose re se rv o ir  developm ent, rec rea tio n a l, fish  and w ildlife, 
navigation and flood-contro l functions w ill be uneffected. A ll flow and 
consumptive uses w ill be benefited. H ydroelectric  generation  w ill be 
in c reased  in p roportion  to the added volum e of w ater available; irr ig a tio n , 
m unicipal, and industria l u se rs  w ill benefit in s im ila r  degree.
Econom ics
A pplications of technology to  activ ities  which use w ate r and 
which supply w ater cannot be p red ic ted  independently of the se t of policy 
and m ark e t incentives which stim ulate the adoption of d ifferen t techniques. 
The p riva te  developer is m otivated by econom ics; his incentives stem  
from  what w ill m ake a  p ro fit fo r him . The trad itio n a l s tick  house is  doing 
it  for him now. F u rth e rm o re , city o ffic ia ls , who possib ly  could demand 
some con tro ls , a re  confused by the econom ics of p ro g re ss  and grow th, 
the tr ie d -an d -tru e  te s ts  of a viable m e tro p o litan  setting . They somehow 
d es ire  the "good" things of the g re a t c ities  like Chicago, New Y ork,
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and P ittsb u rg h . They continue to say , "Surely the blight and crim e and 
congestion w ill not come to our town if we can ju s t show continuous 
growth. "
R ecently , rep resen ta tiv es  of the Colorado State Industria l 
Development Agency took a tr ip  to the e a s t to re c ru it  industry . As they 
stepped off the p lane, they w ere surrounded by no ise , pollu ted a ir , and 
m a sse s  of hum anity. E nroute to th e ir  hotel they w ere enm eshed in 
th ree tra ffic  jam s. As they left th e ir  hotel fo r d inner, a m an was mugged 
and robbed in the s tre e t .  While eating, th e ir  hotel room  was bu rg la rized . 
A fter one uncom fortable night of re s tle s s  sleep from  the com m otion of 
the city  and flashing neon ligh ts , the delegation decided to abandon the ir 
m issio n  and re tu rn  to  the clean fresh n ess  of the Colorado m ountains. 
These com m issioners had lea rn ed  an im portan t lesso n  from  th e ir  tr ip  
and cam e to  a sim ple conclusion: they wanted no p a r t  of w hat "p ro g re ss"  
could bring them .
This is  an exam ple of how econom ics plays the p a r t  of m o ti­
vating the selection  of p a rtic u la r  p ro cesses  and affecting change. 
Engineering planning fo r development trad itionally  has re su lted  from  
extrapolations made on the assum ption that p re se n t po lic ies and m ark e t 
conditions w ill continue indefinitely. This fa ilu re  to re f le c t possib le  
changes in such  fac to rs  as population growth ra te , dem and, and socia l 
attitudes has resu lted  in a tendency to re je c t a ll a lte rn a tiv es  sim ply 
because they a re  not "econom ically" feasib le under p re se n t m ark e t
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conditions.
A recen t study has investigated  the possib ility  of reducing
w ater use through insta lla tion  of existing w ater-conserv ing  devices 
3w ithin the home. By following a breakdown of in-house w ater u ses , it 
was determ ined  tha t cu rren tly  available technologies could p e rm it w ater 
savings (savings in w ithdraw als) up to about 32 p ercen t of p re sen t in-house 
use. This included about 9 p ercen t on show ers, 18 p ercen t on to ile ts , 
and 5 percen t on autom atic washing m achines. Installa tion  of these w ater- 
saving devices could be accom plished without reducing the quantity of 
se rv ices  yielded and probably w ithout appreciably  affecting the quality of 
se rv ic e s . The savings in w ater cam e at the co st of m ore  expensive 
equipm ent.
If the savings in w ater costs  m ore than offset the added 
capital co s ts , th ere  would ex ist an econom ic incentive for adoption of 
these m odels. The costs  of the following th ree  s tra teg ies  open to house­
holders w ere  com puted through use of a m athem atical m odel which de­
te rm ines p re se n t value of cost s tre am s .
1. Do not rep lace  existing equipm ent until no rm al 
rep lacem ent is  called  fo r. Then rep lace with 
the sam e heavy-w ater-use  equipm ent.
2. Do not rep lace  until norm al rep lacem ent, then 
rep lace  with w ater-sav ing  model.
^C harles W. Howe, e t al. , F u tu re  W ater Demands (Spring- 
fie ld , V irginia; N ational Technical Inform ation S erv ices, 1971).
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3. Replace im m ediately with w ater-sav in g  m odel. 
The p re sen t values of the cost s tream s are  shown in Table 4.
TABLE 4. - -P re s e n t  Values of C ost fo r Three Equipm ent R eplacem ent 
S tra teg ies (In te re s t Rate of 10 P e rce n t; D ollars)
C ost of W ater 
p e r  1,000 
gallons
P re se n t Values
1 2 3
0..10 80 78 176
0.20 126 120 205
0.30 173 162 234
0.40 219 204 262
0.50 266 246 291
0.80 --B reak-even  P o in t---------
1.00 498 457 434
1.50 730 668 577
2.00 963 880 721
2.50 1195 1091 864
Source: C harles  W. Howe, e t a l . , F u tu re  W ater Demands 
(Springfield, V irginia: N ational Technical Inform ation S erv ices, 1971),
p. 8.
I t  is  noted from  this study th a t little  difference ex ists  betw een 
the p re se n t value of costs  of s tra teg ie s  1 and 2, especia lly  in the plausible 
range of w ater co sts  extending up to $1. 00 p er 1,000 gallons. The th ird  
s tra teg y  becom es a ttra c tiv e  only a t w ater costs  in  excess of 80ÿ p e r
1,000 gallons, which would be a charge for dom estic w ate r considerably  
in  excess of the national average. I t  w as concluded, th e re fo re , th a t in  
m ost instances w ate r p r ic e s  would not r is e  high enough to stim ulate 
economic m otivation for hom eowners to move tow ard w ater-sav in g  de-
4
vices under c u rre n t o r n ea r-fu tu re  conditions. Even though th is  study
^bid. , p. 12.
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was drenched w ith  im p ressiv e  m athem atica l m odels and scien tific  calcu­
la tions, the conclusions drawn w ere based  en tire ly  on econom ic conditions 
which w ere independent of the environm ental considera tions.
Another equally im p ressiv e  engineering study to develop a 
s ta te  w ater re so u rc e s  planning m odel had as i ts  im m ediate objectives 
the es tab lishm en t of a system atic  p rocedure  fo r im plem enting the following: 
. . P lan  specific  m ethods of exploiting m o re  effectively  the s ta te 's  
w ater re so u rc e s . . . . D eterm ine . . . m unicipal, in d u stria l, and ru ra l 
w ate r req u irem en ts  based on increasing  land use in tensities and w ater 
consum ption r a te s .  . The author had e a r l ie r  proven m athem atically  
that the s ta te 's  w ate r consum ption ra te  was inceasing  and would continue 
to  do so. H ow ever, h is form ulation  was based  on h is to rica l data and did 
not allow for fu ture v ariab les  (for instance , an ecologically-enlightened 
public which could re su lt  in a  reduced w ater u se).
M ost eng ineers speak in te rm s  of w ater dem and and im ply 
econom ic dem and. This is a point which should be c la rified  since w ater 
econom ics do not comply w ith the po stu la tes  of conventional econom ic 
analys i s .
The economic supply-dem and fram ew ork  consis ts  of (1) a  
dem and function which indicates w illingness of custom ers to pay fo r
^C arl R ichard  B artone,"A  State Planning M odel fo r W ater 
R esources D evelopm ent" (unpublished P h .D . d isse r ta tio n . U niversity  
of Oklahoma, 1970), p . 14. E m phasis added.
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d ifferen t quantities of a  product and provides an exp lic it m easu re  of the 
benefits associa ted  w ith having the product, and (2) a supply function 
w hich is in re a lity  the m arg in a l-co s t cu rv e . The supply curve indicates 
the additional co s t in cu rred  by producing another unit of output. The 
optimum quantity to be produced and taken by custom ers is  th a t a t which 
the m arg ina l cost equals the increm en ta l benefits as re flec ted  in the 
demand function. When the supplier can determ ine the m arg in a l cost 
(MC) and the demand (D), then it is  possib le  to find the soc ia lly -op tim al 
output (q) and the p rice  to be paid  p e r  unit output (p). T his concept is 
shown graphically  in F igure  II.
The application of th is analysis is  valid  in w ate r req u irem en t 
fo recasting  when sensitiv ity  of dem and to p ric e  can be substantiated .
Such a condition only occurs r a re ly  w here w ater is in such sh o rt supply 
that obtaining it req u ire s  allocation  of a  significantly  large  po rtion  of the 
consum er's  budget. However, i f  dem and continues to a c c e le ra te , it is 
conceivable th a t the re la tiv e ly  low co st of w ater and the easily -ob ta ined  
sou rces of sa tisfac to ry  quality  w ater a re  conditions which m ay not con­
tinue long into the fu ture.
The p rob lem  in developing a demand function for fo recasting  
population w ater usage is  the difficulty in  m aking e s tim a tes  of p ric e  
e la s tic itie s  in the h igher p rice  ranges on the b as is  of existing re la tiv e ly  
low p ric e -ran g e  data. H owever, the overrid ing  problem  in th is  approach 
m ay be that even though p ric e s  w ere to r i s e ,  the dem and fo r w ater m ay
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rem ain  inelastic .
The p ric e  as a  function of output (F igure 3) is an application 
which is useful in elim inating peak loads. The u se r  is rew arded for 
m aintaining a low -level, m ore  constant flow. By cutting down on peak 
p e rio d s , m o re  effic ien t design of the en tire  system  could re su lt , in ­
cluding s to rag e , d is trib u tio n , and energy req u irem en ts .
P ric in g  contro ls can be effective in  m aintaining quantity 
levels  a t a point in tim e . H owever, as a  source of fu ture supply, this 
m ethod would not continue to  serve  as a  meaningful m easu re . Since 
inflationary  trends would apply to the analy sis , future output would con­
tinue to re ac h  h igher leve ls  and probably approach c r i tic a l  conditions.
The need for m ore output capability  would continue to  be a  problem  of 
the future even though p re se n t dem ands m ight be sa tis fied  to some degree. 
F u tu re  in crease  in dem and could re su lt  in conditions m o re  difficult to 
cope w ith than would have o ccu rred  under conventional p ric ing .
Population
The p re se n t ra te  of w orld population in crease  is  adding close 
to 200,000 people p e r  day, n ea rly  six m illion every  m onth or seventy 
m illion  p e r y ea r. This, is  approxim ately 132 p e rso n s  p e r  m inute o r 
m ore them two ev ery  second. ^ The w orld population in 1965 was e s t i ­
m ated a t 3 .4  billion people, and this figure is e:q>ected to double by the
^E hrlich , Population , R eso u rces, Environm ent, p. 309.
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P r ic e
Function
Pi W ater U se
Output
NOTE: Small amounts of product (q j) a re  inexpensive (p j) o r free ; but 
as output in c reases  p rice  p e r  unit of output in c re a se s  (P2)» making 
la rg e r  quantities prohibitive and w a te r-u se  d ec re a se s .
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tu rn  of the cen tury .
I t is  undoubtedly im possible to determ ine p re c ise ly  the num ber
of people the e a r th  can support. V arious calculations have been made and
the consensus of experts  seem s to be that the e a r th 's  u ltim ate ca rry in g
capacity  m ay be som ew here betw een 10 and 30 b illion  people. A t the
p re se n t ra te  of grow th, th is  figure would be achieved in about 100 y e a rs .
In Thom as Malthus* "An E ssa y  on the P rin c ip les  of P opu la tion ,"  he s ta te s
that " . . . th eo re tica lly , populations in c rease  geom etrically  while food
in c reases  a r ith m etica lly , causing a continuous struggle on the e a r th  fo r
food. M althus applies th is  p rinc ip le  to hum an population, saying that
when the population has reached  the sa tu ra tion  point fo r food, then fam ine
8
occurs and the population w ill be destroyed . " If the p re se n t population 
growth ra te  is p ro jec ted  into the fu ture, the M althusian sa tu ra tio n  point 
for the w orld w ill be reach ed  a m ere  century  from  now, e ith e r in our 
ch ild ren 's  or g ran d ch ild ren 's  life tim e.
The explosive growth of the hum an population is the 
m ost sign ifican t t e r r e s t r ia l  event of the p a s t m illion  m illen ia .
Three and one-half b illion  people now inhabit the E a rth , and 
every  y ea r  th is num ber in c reases  by 70 m illion . A rm ed w ith  
weapons as  d iv e rse  as th e rm o -n u c lea r bombs and DDT, th is 
m ass of hum anity now th rea ten s  to destro y  m o st of the life  on 
the p lanet. M ankind itse lf  m ay stand on the b rink  of extinction; 
in its death  th ro es  i t  could take w ith i t  m o st of the o th e r p a sse n ­
g ers  of the spaceship  E a rth . No geological event in a  b illion
"^Ibid., p . 290.
g
D etw yler, M an 's Im pact on the E nvironm ent, p. 36.
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y e a rs - -n o t the em ergence of m ighty mountain ran g es, nor the 
subm ergence of en tire  subcontinents, no r the occurrence of 
periodic glacicil ag e s--h a s  posed  a th re a t to te r r e s t r ia l  life 
com parable to tha t of human over-population. ^
D ansareau  has postu lated  his law of tolerzmce w hereby "a  
species is confined ecologically  and geographically  by the ex trem es of 
environm ental a d v e rs itie s . M odifications of environm ent by mem have 
su rp assed  the to lerance of m any sp ec ies. The ultim ate danger is tha t 
m an’s to lerance w ill be su rp assed  and m an h im self w ill become extinct.
Any way we exam ine the future of m an, even in the geologically 
m iniscule span of the next cen tury , the quality of life w ill be dependent 
upon, f i r s t  and fo rem ost, population s ize . P ro b lem s of food, w a te r , 
raw m a te r ia ls , pollution, and space a re  a ll secondary  to population size . 
The ecological p light is  aggravated by the fac t tha t i t  is a "quiet c r is is .
As described  in 1963, . . In the face of so m any seem ingly im m ediate
socioeconom ic c r is e s ,  the écologie one m ight be eclipsed  and neglected, 
but though its tim e span is a little  longer than th a t of the b e tte r  known 
social p ro b lem s, its  ultim ate im pact is infinitely g re a te r . ^ If m an 
w ishes to  p re se rv e  his civ ilized  way of life and a v e rt a second Stone Age, 
he m ust not leave the ultim ate con tro l of population to a d e fe rre d  p ro cess
9
E h rlich , Population, R eso u rces, E nvironm ent, p . 41.
1 0 ^ . .  .Ib id . , p . 4.
^^S tuart L . U dall, The Q uiet C r is is  (New York; H olt, R ine­
h a rt, 1963).
^^Ibid., p. 4.
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of natu ra l se lection . The quiet c r is is  c lea rly  dem ands the attention of 
the b es t of m any d iverse  ta len ts , non-scien tific  as w ell as sc ien tific , a t 
the sam e tim e th a t o ther c r ise s  a re  being attacked.
The conclusion to th is chapter m u st sim ply be that the spoil 
and m ovem ent of "p ro g re ss"  of an age gone by has fa iled  abysm ally.
There a re  no m ore unspoiled p laces to  c la im , c le a r , and se ttle . The 
fo res ig h t needed to c re a te  garden cities within our now lim ited  re so u rce s  
has not been forthcom ing. We m u st now begin to exam ine our p ra c tic e s  
of re so u rce  husbandry and become cognizant of the fac t tha t our w ealths 
in land and people a re  in sep arab le .
We m u st dedicate ou rselves to authentic conservation  which 
m aintains the productiv ity  of our re so u rce  cap ita l by w ise use of re so u rc e s  
and the m aintenance of an environm ent that a s su re s  th e ir  continued full 
p roductiv ity . The m o re  m atu re  technology of tom orrow  w ill find en ­
lightened e n te rp ris e  using the v e rsa tile  talen ts of eng ineers and sc ien tis ts  
w ithin a fram ew ork  tha t shows recognition of the fac t th a t conservation  is 
the re a l long -term  m easu re  of the w ealth  and secu rity  of a  nation.
CHAPTER V
POSSIBLE ALTERNATIVES FOR WATER-CONSERVATIVE 
DOMESTIC LIVING UNITS
A t a re ce n t conference of env ironm en ta lis ts , the question was 
asked by a m em ber of the audience, "Why don 't environm ental engineers 
come up with a w ater system  that would elim inate w asting tre a ted  w ater 
for flushing to ile ts , w atering lawns, washing c a rs ,  and other uses not 
requiring  f re s h w a te r? "  The answ er from  one of the "ex p erts"  on the 
p rog ram  w as the usual one given w henever th is question a r is e s .  It w ent 
something like th is: "The A m erican  public is so conditioned to having a ll 
the w ater needed th a t to  change now would be im possib le . We could p ro ­
vide a dual d istribu tion  system  of tre a ted  w ater fo r drinking and cooking, 
and untreated  w ater fo r flushing to ile ts  and irr ig a tio n , but the people 
would probably not be carefu l to keep them  separa ted . Eventually some 
child would drink the un treated  w ater and possib ly  cause a su it against 
the city . F o r th is reaso n  we p re fe r  not to rock  the boat, so to  speak, 
and continue the p re se n t m ethod. The added expense of constructing 
dual w ater system s would probably be in excess of the p re se n t co st of 
trea tin g  additional w ater anyway. " This attitude by experts  who could,
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if so m otivated, find a solution to the problem  of wasting p r ic e le ss  r e ­
so u rces , is the p r im a ry  reaso n  nothing is being done to solve reso u rce  
p rob lem s. This is  an obvious im perfection in our otherw ise com petent 
technical ab ilities .
The following d iscussion  w ill a ttem pt to outline some possib le  
a lternatives to the p re sen t p rac tice  of u n restr ic ted  w asting of tre a ted  
w ater in the m odern  hom e. It w ill specify and evaluate a se t of a lte rn a ­
tives fo r dom estic living units which w ill tend to m inim ize the use of 
w ate r and, a t the sam e tim e, d ec rease  o r elim inate the d ischarge of 
environm entally-degrading w astes.
The decom position of dom estic w ater in the home is given by 
category of use in  Table 5. Two separate  studies of in-house w ater r e ­
quirem ents w ill be used throughout the d iscussion  to show how w ater 
savings could v ary  in d ifferen t sections of the country. One study con­
ducted by R eid  in 1967 p laces a la rg e  proportion  of the to tal use for lawn 
w atering . Since this study was conducted in the se m i-a r id  southw est, 
it concludes significantly  d ifferent re su lts  from  the A kron, Ohio study 
which shows a ra th e r  tr iv ia l  percentage of to tal dom estic w ater used for 
irriga tion .
A fter evaluating m eans of accom plishing w ater savings for 
the hom e, the various m ethods w ill be combined into appropriate  a lte rn a tiv e  
physical living units by type and applied to show the associa ted  estim ated  
costs for insta lla tion  and to tal w ater and m onetary  savings. In calculating
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TABLE 5. --D ecom position of D om estic W ater Use by C ategory
C ategory  of W ater R eid  Study Akron Study
Use Gal. /day  % Gal. /day %
D rinking/cooking 8 2 .0 14 5.0
D ishw asher 15 4 .0 16.5 6 .0
Toilets 96 25.0 113 41.0
Bathing 80 21.0 102& 37.0
Laundry 34 9 .0 11 4.0
A uto-w ash 10 3 .0 3 1.0
Lawn w atering 100 26.0 8^ 3.0
G arbage d isposal 12 3 .0 - - - -
W asted 25 7 .0 " -
Sc r  ubbing / cle aning « « « 8 3.0
T otal 380 100.0 275 100.0
typical bath  is 20 gallons, show er 5 ga llo n s , p e r m inute using
1/4 -in ch  pipe.
^A 3 /4 - inch hose under 20 pounds p re s s u re  d ischarges 400 gallons 
p e r  hour.
Sources: George W. R eid ,"W ater S içp ly  and S ew erag e ,"  L ectu re , 
1967, p. 4 ;  Jim  W right, The Coming W ater Fam ine (New York: Cow ard- 
M cCann, In c ., 1966), p. 59.
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the m onetary  savings fo r w ater not used , the national average of 40ÿ p er
1,000 gallons w ill be applied.
In itia lly , the supposition was that the sty le o r type of housing 
unit could be evaluated on a com parative b as is  fo r re la tiv e  w ater use. 
However, fu rth e r  study revea led  th a t the in -house use of w ater is p r i ­
m a rily  the sam e fo r sing le-fam ily , m ultifam ily , townhouse, o r condo­
m inium . U nless som e com pletely d ifferen t conceptual lifesty le w ere 
to be developed (such as com m unal living), the quantity  of w ater use for 
in-house pu rposes is not a function of the type of living unit. The use 
of w ater for irr ig a tin g  lawns and gardens m ight be an exception since 
m ost individual hom eow ners pay little  atten tion  to optim um  irr ig a tio n  
p ra c tic e s . In apartm en t housing, the usually  quite low am ount of g ra ss  
p e r  unit g rea tly  reduces the p e r  cap ita  w ate r req u irem en t for irrig a tio n . 
Condominiums usually  include population density  ra tio s  som ew hat s im ila r  
to p riva te  hom es, but the la rg e r  com m unity open space is often irr ig a ted  
from  a w ell to cu t down on the expenses of city  w a te r.
F o r these  re a so n s , little  em phasis is  given to the v a rie ty  of 
housing types except w here savings in cap ital expenditures for w ater 
saving equipm ent can be shown. It m ay be possib le  to dem onstrate  a 
cost-effec tive  d istribu tion  and collection system  fo r an optimum num ber 
of living units under conventional w ater use req u irem en ts , but the purpose 
of this study is to d iscover som e p ra c tic a l m eans fo r red is trib u tin g  w ater 
within the household. I t  appears  that a ll the w a te r n e c e ssa ry  to accom m o­
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date in-house needs can be contained w ithin each  individual hom e, thereby 
elim inating the undesirab le  fac to rs  of recycling  w ater w hich has p assed  
through sev e ra l w aste sy stem s.
The to tal dom estic consumption in  the A kron, Ohio a re a  in
1962 was approxim ately  17 m illion  gallons p e r day, w ith over 40 p ercen t
of that am ount being used  fo r dom estic p u rposes. T his figure co rresponds
v e ry  c losely  w ith the findings in a Senate re p o rt which estim ated  dom estic
use , a t tha t tim e , a t 41 p e rcen t of all m unicipal dem and.  ̂ In the sem i-
a r id  southw est, w here m o re  w ater is needed to  m ain ta in  law ns, this
figure is som ew hat h igher. Oklahoma C ity  uses 45 m illion  gallons daily,
20 m illion  of which are  req u ired  for dom estic use for an average of nearly
2
45 percen t of the to ta l dem and.
F u rth  study of Table 5 reveals  some additional facts which 
could be significant in developing the low er w a te r-u se  habit. F o r instance , 
in both the R eid and A kron s tu d ies , a la rg e  percen tage of the household 
use is devoted to bathing and flushing the to ile ts  (Reid, 46 percen t; Akron, 
78 percen t), both of which re q u ire  le ss  than  drinking-w ater quality  for 
p ra c tic a l p u rp o ses . Lawn w atering  is a lso  sign ifican t in the southern  
s ta te s  (Reid, 26 p e rcen t; Akron, 3 percen t), for which non-potable w ater
^Jim  W right, The Coming W ater Fam ine (New York: C ow ard- 
McCann, 1966), p. 60.
2Leroy Turnpaw , Oklahoma C ity  W ater D epartm ent, p riva te  
in terview , D ecem ber 6, 1971. Oklahoma C ity  population, 300,000; to tal 
daily  consum ption 43-45 MG; dom estic 2,000 gal. p e r  p e rso n  p e r  month.
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is sa tisfac to ry . With these uses com prising approxim ately  th ree-fo u rth s  
of the dom estic use (Table 6), reductions in these a re a s  would significantly 
affect w ithdraw al requ irem en ts .
TABLE 6. - -D ecom position of D om estic W ater by H ighest Volume
C ategories
Reid Study Akron Study
Use Gal. /day % Gal. /day %
Toilets 96 25.0 113 41.0
Bathing 80 21.0 102 37.0
Lawn w atering 100 26.0 8 3.0
Sub-totals 276 72.0 223 81.0
A ll other uses 104 28.0 52 19.0
Total 380 100.0 275 100.0
Sources: George W. R eid, "W ater Supply and S ew erage,"  L ectu re , 
1967; J im  W right, The Coming W ater Fam ine (New York: Cow ard- 
M cCann, In c .,  1966).
Total daily national w ater use b reak s  down roughly as follows: 
m unicipal, 5 percen t; irrig a tio n  60 percen t; s te a m -e le c tr ic  pow er and
3
cooling, 24 percen t; m anufacturing, 10 p ercen t; and m ining, 1 percen t.
While m unicipal w ater re p re se n ts  a  re la tiv e ly  sm all p a r t  of 
to tal national consum ption, it  demands the h ighest p r io r ity  when urban 
dw ellers do not have enough for th e ir  needs. The tru th  éind validity of 
the p rio r ity  is obvious. Individually, a  single d rink  from  the faucet a t 
home is as im portan t (m ore so if you do not have it) as the v a s t power
W right, The Coming W ater F am ine, p . 60.
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potential of billions of gallons of liquid packed up against Boulder Dam 
at Lake Head on the N evada-A rizona b o rder. The key w ord in th is d is ­
cussion  is "needs. " What a re  the needs of a  c ity  dw eller?
We know that only a sm all am ount is  needed to su sta in  life , 
but, socia lly  speaking, the need fo r w ater has g re a te r  significance. The 
w ell-m an icured  lawn, p a rtic u la rly  in the m id - and southw est, is one 
exam ple of s tr ic tly  socia l w ater-dem and . C ritica lly  speaking, the 
suburban lawn has little  p ra c tic a l value. I t gives m ere ly  an atm osphere 
effect to the hom e--p rov ides a d isp lay  a re a . P erhaps it sym bolically  
fu lfills m an 's  needs fo r re tu rn in g  to the e a rth , his com pulsion to grow 
th ings, and produce a crop as his ancesto rs  once did. How ever, i t  p ro ­
vides no m easu rab le  play a re a  for ch ild ren , i t  cannot produce a significant 
am ount of food, and it  im prisons the homeowner every  weekend when he 
could be spending his tim e m o re  usefully . Y et i t  m ay consum e a fourth  
of a ll the w ater available in a m unicipal dom estic supply. M ost hom e­
owners convince them selves th a t they actually  enjoy y ard -w o rk  as a 
m eans of re laxation . How ever, if they ev er find them selves in a situation  
w here they a re  re liev ed  of th is drudgery  for a  perio d  of tim e , m o st w ill 
never go back to that routine. The tru th  is that lawns a re  a s ta tus form  
in a c lass  system  cu ltu re . R ich  people have g ard en ers  and keep im m acu­
late ly -g room ed  y a rd s . The le s s  affluent feel th a t they m u st p o ssess  
w hat those h igher in the h ie ra rch y  have attained. Thus, lives a re  spent 
as slaves to a patch  of hybrid  g ra ss  which is p a rce led  into sm all en c lo su res,
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Then vacations a re  taken w here the land is  w ilderness and not spoiled by 
suburban "beauty. "
S tra teg ies  fo r D om estic W ater-saving 
In te restin g ly  enough, although the a lte rn a tiv es a re  num erous, 
few have been attem pted on any significant scale . The following d iscussion  
w ill dem onstrate the various p o ss ib ilitie s  of an urban  environm ent which 
would significantly  reduce the dem and for w a te r.
Lawns
A rtific ia l T u rf
Obviously, in sta lla tio n  of eirtificial tu r f  would provide a 
solution to any w a te r-sh o rtag e  prob lem . If we in s is t  on retain ing  the 
soc ia l "s ta tu s"  value of a showplace law n, a rtif ic ia l tu rf, fo liage, and 
flow ers a re  v ery  p ra c tic a l. It is  doubtful, how ever, that th is  is an 
approach which would catch  on except under ex trem e w ater-fam in e  con­
ditions since a t approxim ately $30.00 p e r  square y a rd , the average 
70-b y -140-foot lo t would cost about $20,000 for insta lla tion . If th is  
in itia l in sta lla tion  could be expected to la s t  for the life of the hom e, say 
th irty  y e a rs , the y ea rly  am ortized  co st (including in te re st)  would be 
$1,420. At p re se n t w ater ra te s  of about 40ÿ p e r  1,000 gallons, the 
y early  co s t to w ater a conventional lawn is  roughly only $14. 60. Even 
the savings in labor and equipm ent for m aintenance could hard ly  o ffset 
the difference in  cost. On the o ther hand, the w a te r-sav in g s  would be
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trem endous. This m a y b e  a p ra c tic a l solution for office buildings and 
other sm alle r a re a s .
O ther considerations substantiate the argum ent fo r m aintaining 
n a tu ra l y a rd s , how ever. T re e s  and shrubs f ilte r  out a su rp ris in g  quantity 
of p articu la te  m a tte r  in the a ir . O ther po llu tan ts, such as dust and pollen, 
w ill se ttle  to ground level and a re  trapped in  the g ra s s . The com bination 
of these living p lants ac ts  as n a tu re 's  a ir  c lean er.
A ir m u st contain about 20 p e rcen t oxygen to support life as 
we know it; oxygen can only be supplied by g reen , growing p lan ts . The 
a v e rag e -s ize  lawn can  re s to re  oxygen to the a ir  fo r eight people. In the 
p ro cess  i t  takes in  and elim inates such o ther pollu tants as carbon 
m onoxide, n itra te s  o f oxygen, and hydrogen sulfide.
G rass  p reven ts  wind and w ater e ro sio n  and holds p recious 
w a te r. I t also  ac ts  as  an absorption m echanism  for noise pollution. Of 
the to ta l am ount of so la r  heat falling on a g ra ss -c o v e re d  su rface , 5 p e r ­
cent bounces back, 5 p e rcen t is absorbed , and up to 50 p e rc e n t is e lim i­
nated through tra n sp ira tio n . L arge  quantities of h ea t are  re ta in ed  by 
bare so il, asphalt, and, su rp ris in g ly , by a r tif ic ia l tu rf . A therm o m eter 
placed in the tu r f  at the Orange Bowl re g is te re d  140° even though the a ir  
tem p era tu re  w as only 81°. At M ichigan State U niversity , te s ts  showed 
surface  tem p era tu re s  on p lastic  up to 97 d eg rees , w hile nearby  living 
g ra ss  re g is te re d  only 80°. P ro fe ss io n a l a th letes have found synthetic 
playing su rfaces  a re  so hot that th e ir  fee t sw ell and the r is in g  heat waves
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seem  to lift a ba ll r ig h t out of the p ark . T em p era tu res  to an unbearable 
160° have been reco rd ed  in these a ren a s . Anything that reduces the 
tem p era tu re  around the home by as m uch as 10° can make both day and
4night livable w ithout a ir  conditioning or reduced  a ir  - conditioning costs .
S m alle r, M ore C om pact Lots
If the average homeowner uses 100 gallons p er day for w atering 
the lawn, reducing the lawn to half the size would unquestionably reduce 
the am ount of w ate r needed to fifty  gallons, an appreciable savings.
F u rth e r  reductions would re su lt  in associa ted  w ater savings (Table 7).
Such a policy would n ecess ita te  additional land fo r a  common open park  
a re a  if acceptable population d ensities  w ere to be m aintained. Under 
existing p ra c tic e s , when th is approach is taken, such as in the c lu ste r  
developm ents in  C olum bia and R es ton, the p arks a re  kept in s im ila r  
condition to trad itio n a l lawns and la rg e  am ounts of w ate r a re  s ti l l  needed 
fo r irr ig a tio n . H ow ever, com m unity-m anaged lawns would allow be tte r 
contro l of tim ing , and off-peak hours would be u tilized  for w atering .
Well w ater o r lake  w a te r is som etim es used for irr ig a tio n , but seldom 
is any attem pt m ade to reduce the quantity of w ater.
M ore E fficien t M anagem ent
P ro p e r  lawn c a re  consis ts  of a  com bination of optim um  so il
4
V ernon J .  F ry e , " T re e s , Shrubs, G rass  Help C lean  A ir, " 
N orm an T ra n sc rip t, Jan u ary  2, 1972, p. 32.
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TABLE 7. --L ow ering W ater Demand by Reducing Lot Size
Individual G rass  Surface W ater Savings
Lot Size (sq. ft. ) %
100 x 150 13,000
60 X 90 (c lu ste r development) 3,240 100 - 3240 _ _
13,000 ■ •
30 X 80 (condominium) 500 100 - 500 _ g,
13,000 ^
A partm ent com plex 200 s q . f t . /  100 - 200 _ og 5
living unit 13, 000
conditions, n u trien t tre a tm e n t, and m o is tu re  application. A publication
produced by the Oklahoma State U niversity  Extension D ivision outlining
recom m ended law n-care  p ro ced u res  suggests an irr ig a tio n  system
capable of supplying the tu rf  w ith  about th re e  inches of w ater ev ery  ten
5
days over a period  of s ix  m onths. Even under these optim um  tre a tm en t 
conditions, th is authority  on the subject of lawn care  recom m ends an 
average of 760 gallons of w a te r fo r average daily use.
Ecology/H usbandry
When land in suburb ia  is to be developed fo r individual 
housing, the f i r s t  item  of business for the co n trac to r is to bring in bu ll­
dozers and other heavy earth-m oving  equipm ent. Then a ll n a tu ra l
^Leland D. T rip p , T urf M anagem ent on Home Lawns 
(Stillw ater; Oklahom a State U niversity  Extension D ivision, n. d. ).
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growth and tre e s  a re  stripped  off and the natu ra l te r ra in  is  cu t and filled 
to conveniently allow the la rg e s t num ber of rectangu lar p a rc e ls  for ind i­
vidual ow nership. This is  done with little  re g a rd  for n a tu ra l beauty, 
drainage, accessib ility , o r  conservation of re so u rc e s , and certa in ly  
without re g a rd  for efficient w ater usage. Only as an afterthought, and 
usually only a t the insistence of the governing agency, a re  schools, p a rk s , 
chu rches, and shopping fac ilities  considered  in the p riv a te  d ev elo p er's  
schem e. P ro f it  is  the p r im a ry  m otivating force for producing the living 
environm ent fo r m odern c itie s . This is  not the living environm ent the 
people d e s ire ; it is m ere ly  what they have been m ade to believe they 
should want. Since no alternative is available, the c itizens a re  without 
re co u rse . Even in m any d e se rt a re a s  w here housing developm ents have 
sprung up, such as in Phoenix and El P a so , w here w ater fo r the poor 
people is  sim ply not available, the m iddle c lass  m u st have as lush  a lawn 
as though they w ere living in P hiladelphia o r L ouisv ille . No thought seem s 
to be given to  the fac t that the w ater used to perpetuate  an image could 
p reven t some c rea tu re  from  an ea rly  dem ise o r  r a is e  enough co rn  to feed 
an indigent fam ily.
Some c itie s , such as Santa F e , have adopted a policy  of r e ­
tain ing the natu ra l beauty of the land. P rid e  in  a y a rd  of cactus and 
m esquite in Santa Fe is  ju s t as valid  as berm uda g ra ss  in A lbuquerque.
No precious w ater is w asted. N early  a ll p a r ts  of the country have a 
unique te r ra in  which could be displayed and carefu lly  n u rtu red  to take
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the place of c u rre n t a r tif ic ia l landscaping. The v arie ty  and in te re s t 
would be infinitely  m o re  p leasan t to  v is ito rs  than an instan t rep lay  of the 
previous stop. Scarsdaile looks the sam e as F t.  W orth and P o rtlan d  is 
another Om aha. The uniqueness of Santa F e is  a ttrac tiv e  to v is ito rs  and 
p resen ts  an  old-w orld  charm .
If Oklahoma C ity hom eow ners w ere  suddenly fo rced  to stop 
w atering lawns (which m any would never consent to re g a rd le s s  of the 
em ergency), the savings in w a te r would be co n sid e rab le --o n  the average 
of 10. 5 m illion  gallons p e r  day during the sum m er m onths. This r e p r e ­
sents w ater tha t is  n e a rly  a ll lo s t since v e ry  little  even en te rs  the sew ers 
to be d ischarged , tre a te d , and used  again. If new housing developm ents 
w ere to begin taking advantage of n a tu ra l drainage and foliage indigenous 
to the vicinity  w here v e ry  little  w ate r was needed to m ain tain  a ttra c tiv e  
surround ings, the future w ater dem and would not look n ea rly  as o v e r­
whelm ing. A lso, since w ater use fo r lawns is seasonal, dem and and 
pumping would be reduced  during th is  peak period  allowing fo r  m ore 
effic ien t design of the w ate r supply system .
In-house Use
The W ater C lo se t
Another p roduct of V icto rian  technology, w hich is s ti l l  used 
in its b asic  form  today, is  the flu sh  to ile t. With the m any g re a t advances 
in science that have o ccu rred  in the la s t  cen tu ry , it is  notew orthy that
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little  change has taken place in th is  m o st common household device.
M ost env ironm enta lists  agree th a t i t  is w asteful and does not accom plish  
the purpose fo r which it was intended - -d isposing  of human w astes . E ach  
flush uses from  four to  six  gallons of w ater w hich m ay constitute over 40 
p e rcen t of a ll household w ater u se . As outlined in  e a r l ie r  d iscussion , 
w ater-sav in g  m odels a re  cu rren tly  on the m ark e t which use approxim ately 
60 p e rcen t as m uch w ater as o rd inary  m odels. The in itia l cost is slightly  
h igher, but functionally they a re  not d istinguishable from  ord inary  m odels. 
W ater sav ings, which would com pose about 18 p e rcen t of to ta l in-house 
use, could, if w ater costs  w ere  high enough, o ffset th is in itia l added 
cap ita l co st and an econom ic incentive would ex is t fo r th e ir  adoption.
The study by Howe, w hich was based  on national average w ater p r ic e s , 
concluded that the incentive does not now e x is t fo r hom eowners to rep lace  
p re se n t fix tu res  w ith w ater-sav in g  m odels since the p ric e  difference 
could not be o ffset by w ater co st avoided.^
R egard less  of the w a te r n ec e ssa ry  to m ake the to ile t w ork , it  
s till  does not solve the problem  of disposing of hum an w astes. I t  is 
sim ply a cosm etic cover-up  which rou tes  w astes , in g re a t quantities of 
pure w a te r , to  sew age-d isposal p lan ts w hich a re  probably  overloaded and 
incapable of tre a tin g  the m o s t troublesom e pollu tants such as phosphates 
and n itra te s . The flush  to ile t, no m a tte r  how skim py w ith  w ater i t  can 
be m ade, is obsolete.
^Howe, e t a l . , F u tu re  W ater D em and, p . 7.
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This obsolete system  should be succeeded by a system  that 
req u ires  each fam ily to co llec t and com pletely dispose of its  own body 
w astes. Such system s a re  possib le  and p ra c tic a l, and only w ait to be 
developed and prom oted  for w idespread  use. One such system  is  already  
being te s ted  in Sweden. With th is advanced m odel, solid and liquid human 
w astes can be converted quickly and easily  into h u m u s-rich  fe r ti l iz e rs .
By mixing these w astes w ith bulky organic m a te r ia ls , like peat m oss and 
garbage, in an enclosed cham ber, the n a tu ra l com posting p ro cess  w ill 
convert anim al w astes into p lan t food. U nfortunately, these  valuable 
p lant nu trien ts  a re  never allowed to fulfill the purpose for which nature 
intended them . Instead , billions of d o lla rs  a re  spen t m ixing these  solid  
and liquid w astes w ith  w a te r in the conventional sewage system s and 
eventually flushing them  into r iv e rs ,  lakes, and oceans w ith th e ir  load 
of valuable nu trien ts la rg e ly  in tact. P aradox ica lly , instead  of fortifying 
the life -susta in ing  n itrogen  cycle, these w astes cause p u trifica tio n , de­
pleting oxygen in w ate r needed for aquatic life  to continue. A lso, the 
good n itrogen, phosphorus, po tassium , and humus so badly needed by 
the so il is lo s t in the p ro c e ss .
Why are  hum an w astes disposed of in  such a sh o rt-sig h ted  
and unscientific m anner?  I t is indeed iron ic  th a t, in an age when tech ­
nology is  so advanced tha t a tr ip  around the e a rth  can be accom plished in 
a  few sh o rt m inu tes, body excrem en ts  a re  allowed to flow un treated  into 
n a tu ra l w aterw ays. A re we so concerned about the d istastefu l aspects  of
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human w astes that a ll we can think about is getting them out of sight and 
sm ell as fa s t as possib le , reg a rd le ss  of the environm ental consequences? 
If the problem  is fe a r  of d isease  from  the use of human w astes as f e r t i ­
l iz e r ,  check the c u rre n t p rac tice  of shipping w astes by w ater to expensive 
and som etim es faulty sewage tre a tm e n t p lan ts . By com parison , th is 
method is akin to emptying a  cham ber pot from  the upper window into the 
s tre e t ,  as was the custom  in the Middle Ages,
However, handling human w astes in  a  m anner s im ila r  to 
O rien tal peasan ts would be repugnant to even the m ost arden t A m erican 
organic g ard en er. Com posting of human w astes can be done autom atically  
by use of the Swedish innovation called  Clivus D ry Toilet. This m echanism  
m ixes human w astes w ith household garbage in a unique way and eventually
yields com post th a t is  ce rtified  to be safe by the health  departm ents of
7
severail Scandinavian coun tries. The com posting p ro cess  puts the w astes 
in d irec t contact w ith the m icroo rgan ism s that purify  it, andno w ater is 
used in the p ro cess  (F igure 4).
The w a te r c lo se t, the in itia l point in the developed w a te r 
d isposal sy stem , is  followed by la rg e  co llection and trea tm en t sy stem s. 
U nfortunately, the tren d  is  away from  individual d isposal and tow ard 
regionéilized collection and d isposal system s w ith enlarged trea ted  
effluents to be disposed of. T here seem s to  be little  effo rt to investigate
7
R obert R odale, "Human W astes Can be R ecycled ,"  O rganic 
G ardening, Vol. 19, No. 2 (F eb ru ary , 1972), 40.
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Fig . 4. - -D etailed D iagram  of a Typical C livus 
Installation
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Source: O rganic G ardening, Vol. 19, No. 2 (F eb ru ary , 1972),
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the m ost efficient way in which to t r e a t  and dispose of sewage originating 
from  sm all installa tions consisting of hom es, sm all apartm en ts, fac to rie s , 
and re s ta u ra n ts . The tim e has come to review  and re -ev a lu a te  the sewage 
trea tm en t p rocedures for these a re a s .
On the o ther hand, the ground w hich is capable of trea ting  
sewage from  sep tic -tan k -lik e  devices is  rap id ly  dim inishing and w ill be 
difficult to  locate in the n ea r  fu ture. Septic tanks and s im ila r  devices 
cannot provide p ro p e r  o r efficient tre a tm e n t of sew age, as it is em itted 
from hom es p re sen tly , to enable the continued d ischarge of anaerobic 
effluent to  subsurface ground which is im perm eable  o r in a h igh-w ater- 
table a re a . R ealizing th is , regu la to ry  au tho rities  and pollution d ep art­
m ents a re  re s tr ic tin g  building in a re a s  beyond com m unity sewage co l­
lection fac ilitie s . In addition, com m unity collection  fac ilitie s  cannot be 
provided for m ore  than the m o st populous a re a s  of the country. It is 
sim ply too costly  and inefficient to  provide th is  type of trea tm en t.
Beyond com m unity sewage collection fa c ilit ie s , th e re  a re  
other ways to co llec t, t r e a t ,  and dispose of sm all am ounts of sewage.
F o r instance, package p lants or p re -fa b r ic a te d  p lan ts , ranging from  
sizes of approxim ately  5,000 gallons p e r  day to 500,000 gallons p e r  day, 
are  being m ark e ted  and are  m ore econom ical than la rg e  tre a tm e n t co l­
lection  fa c ilitie s . F ro m  a cost standpoint, individual sy stem s fo r highly 
urbanized a reas  a re  m o st expensive. It can be eas ily  seen  from  F igure 
5 that diseconom ies of scale  and ex te rn a litie s  a re  a lso  working against
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the reg ional sy stem s, and a lte rn a tiv es a re  becoming im portan t. The 
cu rre n t in te re s t  is in the m odular o r unitized unit. H ow ever, th e re  a re  
s till  viable uses for individual sy s te m s--sp e c ia l uses such as in m arine  
c ra ft, a irc ra f t ,  ra ilro a d s , t r a i le r s ,  and a reas  w ith w ate r sh o rtag es . 
A nother possib le  instance of p ra c tic a l use of the individual unit would be 
in a household which becom es independent of the com m unity sy stem , 
using its own recy c led  w astes  fo r p lan t n u trien ts .
F u r th e r  inspection of F igure  5 indicates th a t unit volume 
in c reases  w ith  s ize  and a t the individual level volume econom ies a re  
also p o ssib le . In  F ig u re  6 , i t  can be seen th a t considerab le  savings on 
volume w aste can be effectuated by shifting to dry  d isposa l, d isposal 
w ithout w ater c a r r ia g e , o r to sm a lle r  o r  individual sy stem s.
P erh ap s i t  is  not p rac tic a l to a ttem pt to  to ile t- tra in  an en tire  
cu ltu re . Adoption of the d ry  to ile t is doubtful, bu t o ther a lte rn a tiv e s  for 
individual d isposal a re  p o ssib le . M ost hom em akers would ob ject to  the 
aesth e tic s  of the open p it of the Swedish versio n . They need w a te r in the 
bowl to m ain ta in  s ta in -f re e , o d o r-free  conditions at a ll tim e s . H ow ever, 
the w ater need not be potable. Plum bing could be redesigned  to m ake use 
of spent w ate r (which has been  used for hand-w ashing o r bathing) for 
flushing. If the to ile t d ra in  w ere  sep ara ted  from  a ll o ther household 
d ra in s , the sm a lle r  volume of w ater co llected could be m o re  efficiently  
tre a ted . T rea tm en t could be accom plished by conventional m eans (such 
as activated  sludge w ith  d igestor) by individuad, neighborhood, o r  sm all
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Fig . 5. --R ep resen ta tio n  of Scale Econom ies of V arious 
A lternative Sewage T rea tm en t Schemes
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community insta lla tions. The drainage from  other household uses could 
be handled sep ara te ly  by a  num ber of m eans:
1. R ecycled through smadl tre a tm e n t plants
2. Stored and used for irr ig a tio n  along w ith 
ra in  w ater (cistern)
3. C ollected in neighborhood lake for boating, 
irr ig a tio n , rec rea tio n , an d /o r f ire  pro tection
4. C ollected in a  swimming pool-like re se rv o ir  
fo r o ther nonpotable household uses
The diagram  in F igu re  7 illu s tra te s  p o ssib ilitie s  for a 
plumbing system  w ithin an individual home. I t is en tire ly  possible that 
an individual tre a tm en t p lant fo r body w astes only could be purchased  
and m aintained for n ear the cost of la rg e r  com m unity collection cuid 
tre a tm en t system s. This invention would req u ire  m uch le ss  tre a te d -  
w ater demand if none w ere req u ired  fo r to ile ts . If a ll irrig a tio n  w ater 
w ere obtained from  the c is te rn  supplied by the rem aining w aste lin es , 
and bathw ater draw n from  the swimming pool, the m ajo r in-house uses 
would essen tia lly  be elim inated.
Tim ing discontinuities would be le ss  of a problem  under
-  --
these conditions also . By fu rth e r developing f ire -p ro o f  construction  for 
hom es, which is a  concept-m aking significant p ro g re ss  at p re se n t, the 
sizing of w ate r-su p p ly  m ains could be g rea tly  reduced. P eak  loading 
would be le ss  a  fac to r of design and m ore  effic ien t s\q>ply system s would 
be p o ssib le . Sm all p re ssu re -se n s itiv e  r e s e rv o irs  could be insta lled  in
F ig . 7 . -  -P lu m b in g  D iagram  fo r  a H om e W ith R ed u ced  W a te r -u se  and W a s te -e m is s io n
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To c i s te r n ,  sw im m ing  
p o o l, la k e , o r  lagoon
To in d iv id u a l 
p ack ag e  t r e a t ­
m e n t, n e ig h b o r­
hood o r  c o m ­
m u n ity  t r e a tm e n t
''r e s h  w a te r  fo r  d rin k in g  and  coo ling
► R e c y c le d  sw im m in g  poo l o r  t r e a te d  
w a te r  fo r  sh o w e rs  and ba th ing
v Doi
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houses which would fill only during periods of low dem and. Table 8 
shows the range of possib le  w ater savings with various a lte rn a tiv es .
The fac t rem ains that the uncontrolled  sp read  of W estern 
culture to the en tire  w orld  would be écologiecilly d isa s tro u s . There is 
exhibited an unrivaled concern  fo r hygiene with daily bathing, shampooing, 
and a rm p it spraying . Y et, while we deodorize our a rm p its , our w aste 
loads overcom e the w aste -rece iv in g  capacity  of the n a tu ra l environm ent. 
Our 6 p e rcen t of the w orld  population produces 70 percen t of the w orld
g
so lid  w aste. In this re sp e c t, the aboriginal hun ters  m u st rank  as 
c lean er c re a tu re s  than A m erican  sim ply because they a re  unable to soil 
th e ir  living spaces to the degree th a t m odern m an can. A lternative life ­
sty les and technology m u st be developed which w ill re v e rse  these 
p rac tice s .
Bathing and P e rso n a l Hygiene
The amount of bathing n ec e ssa ry  to  m ain tain  health  standards 
w ill vary  w ith location. Crowded conditions m ay n ecessita te  m ore frequent 
bathing than open spaces of rureil a re a s . A lso , c e rta in  occupations req u ire  
a higher level of p erso n a l hygiene. B athing 's contribution to health  is one 
of the m ost co n tro v e rs ia l top ics in  health  c irc le s . Much of the con tro ­
v e rsy  a r ise s  from  the tendency to generalize about bathing ra th e r  than
^U dall, The Q uiet C r is is ,  p. 46.
T A BLE 8 . - -L o w e r in g  W ater D em and fo r  W ater C lo s e t s
P r e s e n t  D em an d  (gpd)
In s ta l la t io n  o f W ate r S av ings C o n ­
v e n tio n a l M odel
In s ta l la t io n  of C liv u s  D ry  
T o ile t
R e id A k ro n R e id A k ro n R e id  A k ro n
D em and  S av ings D em and  S avings D em and  S av ings D em and  S av ings
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to d istinguish d ifferent types of bathing and th e ir  specific reaso n s . 
C leansing baths a re  p r im a rily  to rem ove p e rsp ira tio n , odo rs, and other 
objectionable accum ulations from  the body su rface . As such, the cleansing 
bath is of aesthetic  value, though the contribution to m ental health  is not 
insignificant. T here is  a lso  some protection against infection. Soap a lte rs  
the p erm eab ility  of the bacterium  m em brane so that the organ ism  is 
perm eable to w ate r. As a re su lt, the bacterium  is destroyed by hydration. 
Excessive washing can rem ove the valuable n a tu ra l o ils and skin nu trien ts
9
and cause num erous skin irr ita tio n s . Yet some 30 to 40 p ercen t of in- 
house w ater use is devoted to bathing according to  p re se n t inform ation.
It would be presum ptuous to assum e that that the habit of daily bathing 
could be broken in the in te re s t of w ater savings. It is  estim ated  that 60 
percen t of tha t amount (18 p e rcen t of the total) is used in  tedding show ers. 
There a re  available today shower heads which r e s t r ic t  the passage of 
w ate r, p resum ably  without g rea tly  affecting the quality of the bath. Wide­
spread  adoption of these units could save up to half the w ater devoted to 
show ers, o r up to  9 p e rce n t of the to ta l in-house use, assum ing that 
people do not extend the tim e-len g th  of showering.
Even though show er baths a re  extrem ely  popular, tub bathing 
is  s till p re fe r re d  by m any women and m ost sm a lle r  children . The indi­
vidual bath req u ire s  approxim ately twenty gallons of w ater reg a rd le ss  of
9
C . V. L a n g to n a n d C . L . A nderson, H ealth  P rin c ip les  and 
P ra c tic e  (St. Louis: The C . V. Mosby Company, 1957), p . 97.
99
•whether the ba ther is a  sm all child or an adult. The bath w ater does not, 
however, req u ire  d rink ing-w ater quality since the w ater is  contam inated 
as soon as the body is im m ersed . This fac t m ay provide some capability  
fo r w ater savings through recycling. In the ru ra l  farm  days, before 
m odern conveniences w ere  introduced, the weekly bath was a fam ily 
cooperative. One w ash tub of w ater was used by the en tire  fam ily b e­
ginning w ith the ch ild ren  and finally the fa th er. Each ba ther was allowed 
a fre sh  kettle of hot w ater on cold days to make up fo r the sp illage, but 
the en tire  fam ily bathed in approxim ately ten gallons of w ater p e r  week. 
The O rientals consider bathing an im portan t fam ily  event and provide a 
large pool to accom m odate the en tire  fam ily a t once. In som e ca se s , 
sev era l fam ilies w ill share  a bath together. Table 9 shows resu lts  which 
could occur by designing m ethods for conserving b a th w a te r .
A large  num ber of A m erican fam ilies a re  finding a p riva te  
swimming pool w ithin budgetary p rop rie ty . With p ro p er design, th is pool 
could serve  as a re s e rv o ir  fo r recycling bath w ate r to an indoor bathroom . 
The pool could possib ly  be included as p a r t  of a la rg e r  bathroom  w here 
fam ily bathing s im ila r  to O rien tal p rocedures could take the place of ind i­
vidual ba ths. In th is in sta lla tion , very  sm all am ounts of makeup w ater 
would be the only req u irem en t, and no d ischarge of w asted w ater would 
occur. The bathing pool w ater would serve  a num ber of useful nonpotable 
purposes in  the individual household, o r la rg e r  insta lla tions would be 
p rac tic a l fo r m ultifam ily  dwellings w here recycled  bathw ater could be
T A B L E  9 . - - P o s s ib i l i t i e s  fo r  B ath  W ater Savings
In s ta l l  W a te r-s a v in g  C o n v en tio n a l 
S how er M odels R ec y c lin g  fo r  B a th in g
P r e s e n t  D em and  (gpd) R e id A k ro n R e id A k ro n
R e id A k ro n D em an d  Savings D em an d  S avings D em  and Saving s D em  and  Saving s
80 102 86 24 71 71 0 80 0 102 oo
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shared  by a la rg e  num ber of tenants.
Laundry
Laundering is becoming another m a jo r in-house w a te r-u se . 
C u rren tly  available autom atic home w ash ers  exhibit a  range of w ater use 
from  th irty -tw o  to fifty-nine gallons p e r  eight-pound load. W ater-saving 
attachm ents a re  also  available on some m odels w hich reduce the w a te r use 
to as low as fifteen  gallons. These m achines offer com parable p erfo rm ance , 
but in itia l co s t is  h igher on the lower w a te r-u se  m odels. Thus, unless 
w ater costs  w ere unreasonably  high, no econom ic ju stifica tion  for the 
w av e r-sa v e r  ex is ts .
Laundry does not req u ire  a  h igh-quality  w ater for the w ash 
cycle, and savings of both soap and w a te r could be trem endous if laundry 
w ash w ater w ere s to red  a f te r  each w ash and used a num ber of tim es.
F re sh  r in se  w ater could be added to the holding tzink, displacing a sm all 
amount of the d irty  w a te r each  tim e a w ash cycle w as com pleted. This 
dilution would m ain tain  a sa tisfac to ry  quality  w ash  w a te r w ith  m ost of 
the soap a lread y  p re se n t. Since hot w a te r is no longer n ecessa ry  for 
w ashing, the only additive would be w hatever b leach  o r so fteners w ere 
needed for a  p a r tic u la r  load.
A nother fac to r which m ight affect laundry habits is the new 
clothing sty les the younger generation  is  prom oting. The denim , a ll­
purpose pants and sh ir ts  do not req u ire  as ca re fu l handling as the lacy, 
delicate clothing of p a s t generations. As th ese  sty les becom e m o re
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prevalen t, recycling  laundry w ater w ill likely be m o re  p ra c tic a l. Table 
10 sum m arizes to ta l savings in w ater under a lternative  clothes-w ashing 
m ethods.
Dishwashing
V ery few new hom es a re  constructed  without autom atic d ish ­
w ash ers . These devices do not req u ire  a  g re a t deal of w a te r, and no 
w ater-sav ing  m odel has been m arketed  to date . The dishw asher uses 
from  five to eight gallons p e r  load, depending on the num ber of w ash 
cycles. D ishwashing does no t req u ire  c lean  w a te r to  accom plish  its  p u r ­
pose since the p re s s u re  sp ray  and solvent p ro p e rtie s  of w ate r a re  the 
cleaning m echanism . T h ere  is the problem  of aesth e tic s  since m o st 
m others a re  su sp ec t of d ishes spreading  colds and o th er childhood illn esses . 
How ever, a d ishw asher could be developed w hich would recy c le  the w ash 
w ate r after screen ing  out the so lids. R insing could be f re sh -w a te r  m ak e­
up, s im ila r  to the clothes w asher. A th ird  cycle , w hich has a lready  been 
added to m any m odels, could san itize  the d ishes w ith steam  heat to rem ove 
any rem aining b ac te r ia . Table 11 shows possib le  w ate r savings if such 
a m odel w ere to be m arketed  for the hom e.
Drinking and Cooking
A re la tiv e ly  sm all amount of the to ta l household use is needed 
for cooking and drinking. H owever, these a re  the only uses which req u ire  
tre a te d  w ate r. If the supply system  could be designed so tha t each  fam ily
T A B L E  1 0 . - -W a te r -s a v in g  P o s s ib i l i t ie s  in  C lo th es  W ash ers
In s ta l l  W a te r-s a v in g  M odel
R ec y c le  W ash  W ater 
M akeup  R in se  W ate r
P r e s e n t  T o ta l U se R e id  A k ro n R e id  A k ro n
R e id A k ro n D em and  S avings D em an d  S avings D em an d  S avings D em and  S av ings
34 11 20 14 6 5 2 32 2 9
TA B LE 11. - - W ater  ̂  sa v in g s  P o s s ib i l i ty  fo r  D ish w ash in g
P r e s e n t  T o ta l D em and
R e c y c le  W ash  W a te r /F r e s h - w a te r  M akeup 
R e id  A k ro n
R e id A k ro n D em an d  S av ings D em and  S avings




could obtain the f re sh  w ater needed for drinking and cooking, and untreated 
or recycled  w ater could be used fo r all o ther in-house needs, the w ater 
demand for dom estic use would be a lm ost negligible com pared with p re sen t 
and future requ irem en ts . A g re a t deal of w ater is  also w asted  because of 
the habits of people turning on the faucet and letting it run  to get a cool 
drink or while shaving o r brushing tee th . F o r cooking, the hot w ater tap 
is turned on and the pipes a re  expected to d ra in  in o rd e r  to ge t hot w ater. 
The fa rth e r  away from  the w ater h ea te r, the m ore  w ater is w asted waiting 
for the pipes to em pty w ater that has cooled. The w ater that is finally r e ­
ceived is usually  too hot and has to be cooled by m ixing with cold w ater, 
causing all the m ore  w aste .
S everal m odels of re fr ig e ra to rs  and stoves a re  available which 
keep hot and cold w ater re se rv o irs  full a t a ll tim es. This produces w ater 
a t the righ t tem p era tu re  im m ediately and elim inates w asting the w ater of 
"undesirab le" tem p era tu re  which is in the pipes each tim e the faucet is 
tu rned  on. If these devices w ere installed  in all k itchens, nonpotable 
w ater could be used for kitchen activ ities o ther than drinking and cooking. 
The re su lt would be a change in w a te r-u se  c r i te r ia  which involve the 
"kitchen sink, " and alternative  designs fo r the w ater-supp ly  system  would 
be possib le .
An innovation which has not been investigated to th is w r i te r 's  
knowledge is the use of m icrow ave in heating w ate r for household use. A 
device could be developed which would heat the w ater instantaneously as
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it p asses  through the p ip es, thus elim inating the m any problem s with 
conventional e le c tr ic  or gas w ater h ea te rs .
Garbage D isposal
The in -sink  garbage g rin d er has been found to be a trem endous 
nuisance as w ell as a  helpful kitchen appliance. Because of the in c reased  
organic loading to sewage trea tm en t fa c ilitie s , many c ities  have outlawed 
garbage g rin d ers  fo r dom estic use. The r a t  population in sew ers has 
been known to in c rease  sharp ly  w here the appliance has been widely used. 
W ater consum ption in the home has, no doubt, in c reased  a lso  since 
garbage g rin d e rs  have gained prom inence. The w ate r requ ired  to operate 
the g rinder is not la rg e , but the tendency is to tu rn  on the w ater and g rin d e r 
fo r continuous operation  during the fifteen- to tw enty-m inute period  req u ired  
to  c lea r the table and rin se  the d ishes. When th is  is done, a significant 
amount of clean  w ater is w asted.
The new com pacting device, which is gaining acceptance as a 
standard  household n ecessity , is m uch m ore  acceptable for m any rea so n s . 
Not only does it e lim inate the need for the garbage g rin d e r, i t  a lso  helps 
alleviate the so lid -w aste  problem s which a re  becom ing m ore  burdensom e 
from  dom estic so u rce s . With this new innovation ju s t  entering the house­
hold m ark e t, i t  is  likely th a t garbage g rin d ers  w ill soon be a thing of 
antiquity. By elim inating garbage g rin d e rs , average daily w ate r savings 
could am ount to twelve gallons p e r day, applying figu res from  the R eid
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study. No d a ta w a re  com piled for garbage g rin d ers  in the A kron study. 
Auto-w ash
N early  every  suburban fam ily in A m erica  now considers two 
autom obiles to  be a m inim um  req u irem en t for su rv iv a l. Even the youngest 
newlyweds w ill often p o ssess  two late  m odel c a r s ,  especia lly  if both the 
husband and wife a re  working. As the fam ily grow s, it is not uncommon 
fo r each teenager :n tu rn  to  rece ive  a  c a r  on the six teen th  b irthday . Two- 
c a r  garages a re  a lm ost m andatory  on a ll new hom es and, in some c itie s , 
a re  req u ired  by city  code. A partm ent houses req u ire  a t le a s t two parking 
spaces for each  living unit, and some req u ire  as many as two and one-half 
to th ree  spaces p e r unit to take ca re  of v is ito rs  and th re e -c a r  fam ilies .
Automobile washing has thus becom e a sign ifican t w a te r-u se  
item . P r iv a te  hom eow ners m ay w ash the fam ily  auto as often  as once 
weekly running the garden hose continuously fo r twenty to  th irty  m inu tes. 
P ublic  c a r-w a sh  fac ilitie s  a re  often so over-crow ded  on the weekends 
that a th irty -m in u te  w ait in line is not uncommon. The am ount of c lean  
w a te r used to w ash  and rin se  an automobile w ill range from  20 to 100 
gallons, w ith the runoff going to the san ita ry  o r  s to rm  sew er. This is 
the m ost notable exam ple of a recycling  application since clean w ater has 
no advantage in obtaining a quality w ash. M unicipalities could afford  to 
co n stru c t pub lic , autom ated ca r-w a sh  insta lla tions w here n ea rly  everyone 
would be encouraged to make use of the facility . Convenient locations and 
m odest charges should n early  elim inate garden-hose ca r-w ash ing , and
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only recycled  w ater would be used in th is p rac tic e . Using only recycled  
w ater would re su lt  in savings of ten  gallons p e r  day p e r p e rso n  and th ree  
gallons p e r p e rso n  day from  the R eid  and Akron studies resp ectiv e ly . A 
significant fac to r here  is  that th is  p rac tice  could be s ta r ted  im m ediately  
and would have a lm ost unanimous acceptance in  m any urban  a re a s . Table 
12 shows a sum m ary  of possib le  w ate r savings that could easily  be rea lized  
in  the urban cen te rs .
TABLE 12. - -Sum m ary of P ossib le  W ater Savings fo r Homes Using
A lternate D esigns
P re se n t Demand P o ss ib le  Saving
W ater.U se C ategory Reid Akron A lternative Method R eid A kron
Auto-wash 10 3 Recycle 10 3
Garbage d isposal 12 - C om pactor 12
D rinking/ cooking 8 14 none 0 -
Dishwash 15 165 Recycle 13 14.5
Laundry 34 11 W ater-sav er 14 5
Bathing 80 102 W ater-sav er 24 31
Toilets 96 113 W ater-sav er 38 45
Lawns 100 8 N atu ral irrig a tio n
Waste 125 8 0 0
T otal 380 275 111 98.5
The Fam ily  Living Unit
The foregoing d iscussion  on possib le  m ethods of saving w ate r 
w ithin each ca tego ry  of w a te r use have no m eaning un less they can be 
somehow com bined into an appropriate  fam ily living unit. If th is  is done, 
i t  w ill then be possib le to determ ine w hat benefit, if  any, would be derived  
from  initiating a p ro g ram  of w ater conservation . It has a lread y  been shown
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tha t, under c u rre n t and n ea r-fu tu re  m ark e t conditions for w a te r, th e re  
is little  economic m otivation for hom eowners to m ove tow ard w ater-sav ing  
devices. In this absence of economic incentive, it  would perhaps be 
appropriate  to consider for the m om ent what w ater-sav in g  affects would 
occur on the b asis  of a fixed or lim ited  reso u rce . If it could be assum ed 
that, a t existing ra te s  of w a te r use, a ll the available re so u rces  w ere  being 
used and no additional fam ily units could be estab lished  unless the existing 
fam ilies gave up some of th e ir  w a te r, a new value standard  could be applied 
to w ater conservation. Assum ing there  is some utility  in gaining additional 
fam ilies to  an urban a re a , some incentive m ight be shown for cap ita l out­
lay on w ater-sav ing  equipm ent fo r the home. Under th is  assum ption, 
a lte rna tive  plans fo r fam ily  living units w ill be developed, based  on the 
d iscussion  of w ater-sav in g  devices p resen ted  e a r l ie r  in th is  chap ter.
A lternative A
The s im p lest m eans fo r initiating a w ater conservation  program  
would be to in sta ll the existing w ater-sav ing  devices for to ile ts , show ers, 
and laundry w ashers  in every  hom e. It m ight be possib le for c ity  govern­
m en t to offer free  plumbing assis tan ce  for every  homeowner w illing to 
purchase  the new device. It m ight also be possib le to cut y a rd  w atering 
in half through b e tte r  tu rf  m anagem ent p ro g ram s. The re su lts  of th is 
a lternative  are  shown in Table 13, using both the R eid  and Akron studies 
of individual w a te r-u se  as exam ples. F o r each fam ily , a y early  w ater
T A B L E  13. - - R e s u l t s  of In s ta lla t io n  o f  W a te r -sa v in g  D e v ic e s ,  A lter n a t iv e  A
R e id  Study A k r o n  Study
P r e s e n t  
D a i ly  U s e
A f te r  
W a te  r -
T o ta l  
W a te r
P r e s e n t
D a i ly
A f te r  
W ate  r -
T o ta l  
W a t e r
A d d e d  C a p i ta l  
C o s t
C a t e g o r y  o f  W ater  
U s e
( g a l / d a i ly ) s a v in g
D e v ic e
S a v e d  U s e  
( g a l / d a i l y )  ( g a l / d a y )
s a v in g
D e v ic e
S a v e d  S in g le  
( g a l / d a y )  F a m i l y
M u l t i - 
f a m i l y
D r in k in g /c o o k in g 8 8 0 14 14 0 0 0
D is h w a s h e r 15 15 0 16 . 5 1 6 .  5 0 0 0
T o i l e t s 96 58 38 113 68 45 4 0 . 4 0 .
B a th in g 80 56 24 102 71 31 6. 6.
L a u n d r y 34 20 1 4 11 11 5 30 . 5 . ^
A u t o - w a s h 10 10 0 3 3 0 0
L a w n -w a t e r in g 100 50 50 8 8 4 0
G a r b a g e  d i s p o s a l 12 0 12 - - - 0
W a ste d 25 10 15 - - - 0
S c r u b b in g /c l e a n in g 8 - 0 0
380 227 153 275 190 85 $ 7 6 . $51
B a s e d  on 6 f a m i l i e s  p e r  w a s h e r  in a p a r tm e n t  u n it s .
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savings of n early  56,000 gallons would occur, according to  the Reid 
figu res, and 31, 000 gallons would be saved according to  the Akron study. 
Thus, a y early  saving of $22,40 or $12. 40 would occur fo r each  fam ily, 
applying the national average of 40ÿ p e r  1,000 gallons.
A lternative B
If, in  addition to the w ater-sav ing  devices of A lternative A, 
a city-w ide policy  of elim inating g ra ss  yards and installing  a r tif ic ia l tu rf  
o r  low -w ater-use  p lan ts , no w ater would be req u ired  fo r yard -w atering  
in the sum m er m onths. This m ight be especia lly  d esirab le  in m ulfifam ily 
com plexes and condom inium s w here la rg e  n a tu ra l land spaces could be 
s e t aside and advantage taken of the n a tu ra l drainage p a tte rn s  of the a re a  
fo r ra inw ater irr ig a tio n  exclusively. In addition, garbage d isposal units 
in the sinks would be rep laced  w ith garbage com pacto rs, and tem p era tu re - 
contro lled  w ater re se rv o irs  would be installed  to cut down on the amount 
of w ater w asted. A lso , public auto-w ash fac ilities  would use recycled  
w a te r. R esu lts  of th is  a lternative  a re  shown in Table 14. With y early  
savings of 80, 000 and 36, 000 gallons p e r  fam ily , $32. 00 and $13. 20 would 
be the y early  m onetary  savings using the Reid and A kron m ethod, r e ­
spectively.
A lternative C
One additional im portant w ate r-sav in g  m easu re  w ill be assum ed 
in th is configuration; the w ater c lose t w ill be elim inated  in favor of some
T A B L E  14. - - R e s u l t s  o f  Installation, o f  W a ter - sa v in g  D e v i c e s ,  A lte r n a t iv e  B
R e id  Study _________ A k r o n  Study_____
P r e s e n t  A fte r  TotedP r e s e n t  A f t e r  T o ta l  t  A d d ed  C a p i ta l
D a i ly  U s e  W a te r -  W a ter  D a i ly  W a t e r -  W a ter  C o s t
C a t e g o r y  o f  W ater  ( g a l / d a i l y )  s a v in g  S a v e d  U s e  s a v in g  S a v ed  S in g le  M u lt i -
U s e  D e v i c e  ( g a l / d a i ly )  ( g a l / d a i l y )  D e v i c e  ( g a l / d a y )  F a m i l y  F a m i l y
D r in k in g /c o o k in g 8 8 0 14 14 0 0 0
D is h w a s h e r 15 15 0 1 6 . 5 16 . 5 0 0 0
T o i l e t s 96 58 38 113 68 45 4 0 . 4 0 .
B ath ing 80 56 24 102 71 31 6. 6 .
L a u n d e r in g 34 20 14 11 6 5 30. 0
A u to -w a s h 10 0 10 3 0 3 0 0
L a w n -w a te  r in g 100 0 100 8 0 8 0 0
G a r b a g e  D i s p o s a l 12 0 12 - - - 0 100
W asted 25 5 20 - - - 100 0
Sc r ubbing /  c  l e  an ing _ 8 8 0 0 0
380 TëÔ 218 275 183 92 $ 1 7 6 . $ 1 5 1 .
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other method of disposing of human ex c re ta . Table 15 shows re su lts  of 
th is  m easu re , bringing the y ea rly  individual fam ily savings to 101,500 
gallons at $41.00 (Reid study), and 58,500 gallons a t $23.40 (Akron study).
A lternative D
The final m ethod shows how m ore than 90 p e rcen t of the w ate r 
used for dom estic pu rposes could be saved through recycling . F o r the 
single-fam ily  dwelling, recycling  only the w ate r used by the individual 
féimily, the in creased  cap ita l co s t would be significant since the m ethod 
req u ires  construction  of a  large  pool and trea tm en t p lant. Many fam ilies 
today could afford th is e x tra  expense on a new hom e, and would, in fact, 
p re fe r  the addition of a swimming pool. P o o re r  fam ilies could sh a re  a 
pool among se v e ra l houses or in a m ultifam ily  com plex of apartm en ts  o r 
a condomium. If the initiéil cost w ere d istrib u ted  among a num ber of 
fam ily units, the sm all individual co st would be offset by the added r e c r e ­
ational value the pool would bring. U nder th is m ethod, only sm all am ounts 
of w ater from  the public system  would be needed fo r drinking, cooking, and 
m akeup rin se  w ater fo r the clothes w ashing and dishw ashing. F o r each 
unit adopting th is p lan , y ea rly  savings would be increased  to 132,000 
gallons at $53. 00 (Reid Study) and 94, 000 gallons a t $37. 60 (Akron Study).
All four a lte rn a tiv es  a re  displayed in the sum m ary  Table 17.
T A B LE 1 5 . - -R e s u l ts  o f In s ta l la t io n  o f W a te r -s a v in g  D e v ic e s , A lte rn a tiv e  C
C a te g o ry  o f W ater 
U se
R e id  S tudy A k ro n  Study
A dded C a p ita l 
C o s t 
S ingle M u lti- 
F a m ily  F a m ily
P  re  s en t 
D a ily  
U se  
(G a l/d ay )
A f te r  
W a te  r  - 
sav in g  
D ev ice
T o ta l 
W ater 
Saved 
(G a l/d ay )
P r e s e n t  
D a ily  
U se 
(G a l/ day)
A fte r  
W a te r - 
s av ing  
D ev ice
T o ta l
W ate r
Saved
(G a l/d a y )
D r inking /  c ooking 8 8 0 14 14 0 0 0
D ish w a sh e r 15 15 0 1 6 .5 16. 5 0 0 0
T o ile ts 96 0 96 113 0 113 200. 200.
B ath in g 80 56 24 102 71 31 6. 6.
L a u n d ry 34 20 14 11 6 5 30. 5.
A u to -w ash 10 0 10 3 0 3 0 0
L aw n-w  a te  r in g 100 0 100 8 0 8 0 0
G arb ag e  d is p o s a l 12 0 12 - - - 0 0
W asted 25 0 25 - - - 0 0
S cr ubbing /  c le  aning - - 8 8 0 0 0
380" 9 T 281 275 115 160 $236. $211.
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T A B L E  16. - - R e s u l t s  o f  In s ta l la t io n  o f W ater S av in gs  D e v ic e s ,  A lte r n a t iv e  D
R eid  Study A k ro n  Study
C a te g o ry  of W ater 
U se
P r e s e n t
D a ily
U se
(g a l/d aU y )
A fte r
W a te r-
sav in g
D ev ice
T o ta l
W ate r
S aved
(g a l/d a iW
P r e s e n t  
D aily  
U se 
(g a l/d a y )
A f te r  
W a te  r  - 
sav in g  
D ev ice
T o ta l
W ater
Saved
(g a l/d a y )
A dded C a p ita l 
C o s t  
S ingle M ulti - 
F a m ily  fam ily
D r inking /  c ooking 8 8 0 14 14 0 0 0
D ish w a sh e r 15 2 13 1 6 .5 2 14. 5 100. 100.
T o ile ts 96 0 96 113 0 113 200. 200.
B ath in g 80 0 80 102 0 102 5000. 1 2 5 0 .^
L au n d ry 34 2 32 11 2 9 60. 10
A u to -w a sh 10 0 10 3 0 3 0
L aw n-w  a te  r in g 100 0 100 8 0 8 0
G arb ag e  d isp o s a l 12 0 12 - - - 0
W asted 25 5 20 - - - 0
Sc rub b in g  /  c le  aning 8 0 8 0
3SÜ" T7 3 ^ 275 18 257 $5360. $1560.
B a se d  on a  poo l fo r  e a c h  20 u n its  in  m u ltifa m ily . In it ia l  c o n s tru c tio n  c o s t  $25, 000.
T A B L E  1 7 . - -S u m m a r y  R e s u l t s , W a te r - s a v in g s M ethods
A L T E R N A T I V E  M E T H O D S
a b c d
R e id  A k ro n R e id  A k ro n R e id  A kron R e id  A k ro n
W ate r s a v in g s , to ta l 
g a l /d a y
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218 92 281 160 363 257
Y e a r ly  sa v in g s , 1000 g a l. 5 5 .9  31. 80 36 10 1 .5  5 8 .5 132 94
A d d itio n a l lo s t ,  s in g le - 
fa m ily $76 $76. $176. $176, $236. $236. $5360. $5360.
A d d itio n a l c o s t,  
m u ltifa m ily $51 $51. $151 . $151. $211. $211. $560. $560.
Y e a r ly  M oney sav in g s $22. 40 $12. 40 $ 3 2 .0 0  $ 1 3 .2 0 $ 2 1 .0 0  $23 .41 $ 5 3 .0 0  $ 3 7 .6 0
E q u iv a le n t new h o u se ­
ho lds p o s s ib le  p e r  
fam ily 0 .4 0  0 .3 1 0 .5 7 5  0 . 3 3 0 .7 5  0 .5 8 0 .9 5  0 .9 4
CHAPTER VI
A NEW DEFINITION OF WATER DEMAND
B asis  fo r a New C r i te r ia  for W ater Demand
W ater has always been considered  a renew able re so u rce  by
standards of sc ien tific  calcu lation . It is  now becom ing ca tastroph ica lly
apparent that th is is not the case . W ater supplies have finite lim its . It
is the demands of people on these supplies tha t apparently  have no lim it.
Even w ith the unthinkable ra te  of population in crease  of about one percen t
p e r y ea r fo r the w orld , the dem and for w ater is increasing  a t an even
g rea te r  1 -1 /2  p e rc en t p e r y ea r.  ̂ To intensify the problem  of finding
enough w ater to sa tisfy  the ever-expanding population, n ea rly  95 p e rcen t
of our aquatic a s se ts  a re  now being destroyed  by the p rac tice  of using
2
them  to  convey w astes  away from  our urban cen te rs .
Even if  the ra te  of population grow th in  the United States 
could be adjusted  to bring  the g row th -ra te  back to zero  o r  to a  declining 
ra te , unless m ethods a re  d iscovered  for reducing the trem endous appetite 
of the A m erican public fo r d estruc tion  and consum ption of the na tu ra l




re so u rc e s , the to lerance of the écologie equilibrium  m ay be su rp assed .
As the "m odern  philosopher" Pogo so aptly put i t ,  "We have m et the
enem y and he is  u s ."
Fundam ental overhaul on a socia l level of som e of the m ost
cherished  tenets  of an industria l society  is  the p re re q u is ite  for the future
w elfare of the e a r th 's  surface.
F eas ib le  solutions to environmentad prob lem s are  a  com plex
blend of environm ental understanding, p o litic s , econom ics, so c ia l a tti-
3
tudes, and technological capacity . The quiet c r is is  req u ire s  the attention 
of the b es t of m any d iscip lines, non-scien tific  as w ell as sc ien tific . F o r  
instance, in the p as t, la rg e -sc a le  w a te r-re so u rc e  developm ent m easu res  
have been form ulated  and prom oted by organizations dom inated by engineers. 
T herefo re , b en e fit/c o s t and other feasib ility  studies have been c a r r ie d  out 
under a ra th e r  techn ical/econom ical fram ew ork , and have generally  failed 
to consider consequences of environm ent, ecology, and th e ir  re la te d  e co ­
nom ical s id e -a ffec ts . The im m ediate econom ic in te re s ts  of th ese  groups 
have d ictated an in te re s t in sh o rt- ru n  gains to be made from  the env iron­
m ent without consideration  of long -term  consequences which a re  con­
veniently d ism issed  as socia l co sts . When as m uch w eight is p laced  on 
environm ental and delicate écologie system s as on the m eeting of econom ic 
"n eed s ,"  a lte rn a tiv e , le ss  sp ec tacu la r solutions to w ate r p rob lem s, not
^Ibid., p. 6.
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curtailing  rad ica l m odifications of n a tu re , may prove to be the w isest 
choice.
Notwithstanding the many ca lls  for action to im prove ecology, 
specific p roposals seem  too few and too negative: " . . .  req u ire  India’s 
population to p rac tice  m ass contraception" or "make them  eat th e ir  
sac red  cow s." U nless the fundam ental concepts of a cu lture a re  con­
s id e red , specific m easu res  m ay produce new backlash  m ore serious than 
those they w ere designed to elevate.
In the case of w ater demand and consumption, a  review  of 
fundam ental concepts rev ea ls  some su rp ris in g , yet sim ple, deductions. 
Benjam in F rank lin  was p rinc ipa lly  in te re sted  in d isease  prevention  and 
sustaining life when he foresaw  the urgency of public w ater-w orks in s ta l­
lations in c itie s . These m o st basic  needs of m an  had to be sa tis fied  in a 
m anner su p erio r to the p rac tice s  of the p as t. Today, the w ater-b o rn e  
d iseases  a re  no longer of consequence. D iseased  drinking w a te r is seldom , 
if ev e r, considered  a p o ssib ility , at le a s t  in  A m erica. Yet, as late  as 
1968 , C harles Johnson, A dm in istra to r, C onsum er P ro tec tion  and E n ­
vironm ental H ealth Serv ices B ranch, Public H ealth Service, concluded:
"The United S tates is rap id ly  approaching a  c r is is  state w ith reg a rd  to
4
drinking w ater and is courting a serious health  hazard . "
A survey  of the Public H ealth  Service encom passing eight 
m etropo litan  a reas  from  Boston to R iv ersid e , C alifo rn ia , and including
^tbid., p. 3.
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V erm ont, revealed  that in sev e ra l a reas  about 9 p ercen t of the w ater 
sam ples Indicated b ac te ria l contam ination. P es tic id es  w ere  found in 
sm all quantities; the level of n itra te s  w as too high in some seimples; 
tra ce  m etals  exceeded recom m ended PHS lim its . ^
Although the nation has invested  $15 b illion  since 1952 in 
constructing 7, 500 m unicipal trea tm en t p lan ts, industrieil tre a tm e n t 
p lan ts, sew ers and re la ted  fac ilities ; a su rp ris in g  1,400 com m unities, 
including good-sized c itie s  like M em phis, and hundreds of industria l 
p lants s till  dump untreated  w astes into the w aterw ays of A m erica . ^
A d ram atic  exam ple of ju s t how much w ater pollution has 
in creased  in the la s t decade o ccu rred  in the sum m er, 1964, when the 
oily Cuyahoga R iver in C leveland b u rs t into flam e. Not even the m ost 
v irile  mud w orm s and leaches a re  to be found in its low er reg ions. M ore 
and m ore United States r iv e rs  a re  becom ing all too s im ila r  to this
7
flam m able sew er.
How m uch m ore  effective could these billions have been had 
they been spent in effo rts  to p rev en t the production of such huge amounts 
of w astes a t th e ir  sources instead  of attem pting to  clean  them  up ju s t 
before they are  dumped in the w aterw ays of the nation?
The sim ple a g ra ria n  life  of F ran k lin 's  day was sh o rt-liv ed  
as the in d u stria l revolution changed so d ra s tica lly  the lives of the 
A m erican public in the nineteenth century. The h isto ry  of A m erican
^Ibid., p. 198. ^Ibid., p. 196. ^Ibid.
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development illu s tra te s  the eng ineers ' inability to anticipate this t r e ­
mendous increase  in p e r capita consum ption by the A m erican public.
Each new attem pt to solve the w ater demand problem  fo r the urban cen ters 
proved fru stra tin g  when the ejqjanded w ater supply becam e o b so le te -- 
in many cases even before it had been en tire ly  com pleted--no t sim ply 
because of the added population growth, but m ore because of the t r e ­
mendous in c rease  in p er capita  consum ption which was a re su lt  of the 
ever-expanding affluence of the city dw eller
The e a r l ie s t  engineering designs fo r individual w ater use 
prom oted the u n res tr ic ted  w asting of w ater. In 200 y ea rs  of public w orks 
im provem ents, no one has devised a sa tisfac to ry  system  fo r lim iting the 
use of w ate r by individuals w ithin the lim it of the ability  to pay. The 
A m erican public has become so accustom ed to the u n re s tr ic te d  use of 
w ater that any a lternative  re s tr ic tio n  on w ater use seem s so c ia lis tic , 
com pletely beyond the rea lm  of sensib ility , and co n tra ry  to the A m erican  
standard  of living (lifestyle).
Increased  w ater ra te s  do not lower the use of w ater to any 
appreciable degree , but by reviewing the fundam entals of w ater works 
design fu rth e r , th ere  appears to  be alternative s tru c tu re s  w herein  
adequate and sufficient w ate r could be provided for individual dom estic 
use. These a lte rna tives have one common requisite : a change in social 
attitudes which causes the m a jo rity  of individuals to live w ithin the eco ­
logical lim itations of th e ir  environm ent for one reaso n  o r another.
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B asica lly , the concepts fo r conserv ing  w a te r, which a re  the 
bases for th is d iscussion , a re  to (1) develop a fam ily  living environm ent 
which is c losely  attuned to the p ro ce sse s  of n a tu re , and (2) design a 
m echanical system  for the home w hich w ill effectively  m eet the needs of 
the hom e dw eller without contributing adverse ly  to the ecological system  
by m aking excessive dem ands for re so u rces  o r dispelling harm ful w astes.
One sim ple and feasib le  solution to the problem  of w a te r 
supply is  to elim inate the ability  of the hom eowner to use m ore w ater 
than is n ecessa ry  to sa tisfy  h is basic  needs. As an exam ple, the child  
who com es in for a drink of w a te r tu rn s on the faucet full b la s t under 
sixty pounds of p re s s u re  to le t the w ater cool. Then he takes a la rg e  
g lass of w a te r, pouring half of th is  down the d ra in , while the faucet 
continues its  full deluge to the w aste system . Even though the child  r e ­
qu ires  only a few ounces of w a te r to sa tisfy  his th irs t ,  the system  design 
has caused him to w aste se v e ra l gallons of tre a te d  w a te r in the p ro c e ss . 
P e rh ap s even m ore c r i t ic a l  is the fac t that, because of the com pletely 
illog ical w aterw orks design, it has been n e cessa ry  to g rea tly  o v e r-s ize  
the sew er system s in o rd e r  to accom m odate the abundant w aste that 
each  homeowner has taken  fo r g ran ted  as the only m anner in which he 
can enjoy the luxuries of m odern  living.
We can no longer afford  the u n re s tr ic te d  use of w a te r fo r 
e ith e r in d u stria l o r dom estic p u rp o ses . The con tro l of w ate r use is 
very  closely  re la ted  to w aste-producing  habits of m odern  socie ty . The
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p rac tice  of collecting a ll the liquid w astes a t a  single point for discharge 
back into the environm ent m ay have been logical in the sm alle r ru ra l 
com m unities of bygone ages; however, fo r la rg e  m etropolitan  cen te rs , 
it is as outmoded as the horse  and buggy concept of transporta tion .
On the o ther hand, a re tu rn  to the ho rse  and buggy days m ay 
provide some p ra c tic a l solutions to our p rob lem s. (It is in teresting  to 
note th a t when h o rses  provided a ll the m otive pow er fo r society , some 
pollution p rob lem s ex isted  which a re  m uch d ifferent from  those under 
d iscussion  h e re . In New York at the tu rn  of the cen tu ry , city officials 
had to contend w ith daily deposits of some two and one-half m illion 
pounds of m anure and 60,000 gallons of urine on the s tre e ts .  Scientists 
of the day hailed  the developm ent of the auto as a  c lean , quiet, and 
efficient m eans of transportation.)®  In the e a r l ie r  days, each  fam ily was 
responsib le fo r  providing its own w ate r supply and w aste d isposal system . 
Until m odern  appliances and household kitchen aids m ade these p rim itive  
fac ilities  outm oded, th e re  was no shortage of supply o r pollution prob lem .
It was not a case  of deficiency from  the standpoint of fundam ental 
p rinc ip les; th ere  was sim ply no attem pt to adapt these p rinc ip les  to the 
new conveniences. I t is tim e now to re tu rn  to b asic  p rinc ip les  in  search ing  
for a  b e tte r  m ethod of handling supply and w aste.
^"Technologies S eers , " Newsweek, M arch  6, 1972, p. 69.
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By a p ro cess  of identifying each basic use of w ater in  the 
household, it  can be seen  that p rac tica l engineering solutions can be 
found, such as an au tom atically -level controlled  co ld-w ater re se rv o ir  
to r e s t r ic t  the child to drawing only the amount of w a te r  needed to quench 
his th irs t .
The question can be asked, "Why bo ther?  V ery little  w ater 
is actually  lo s t in the p ro ce ss  of filte ring  through the normeil household. " 
Though the question is w ell-grounded, it is th is continuous reu se  which 
adds m ore im purities th a t m u st be removed over and over through w aste 
trea tm en t and fre sh -w a te r  trea tm en t that does not m ake sen se . It is the 
re so u rces  th a t are  w asted in th is repetitive p ro c e ss , and the "wearing 
out" of the w ate r a fte r it  has been used by the populations of fifty cities 
that should receive  m o re  thoughtful consideration . E ach tim e w ater is 
cycled through a city , m ore  im purities a re  added, resu ltin g  in heavy 
concentration  th a t eventually w ill cause problem s w ith the balance of 
natu re . The addition of te r t ia ry  w aste trea tm en t is p roposed but th is  is 
throw ing good money softer bad.
There are  o ther, m ore  fundam ental p ro ced u res  to follow that 
req u ire  le ss  sp ec tacu la r public investm ents of w ealth  and knowledge. 
Even m ore  im portan tly , th e re  a re  a lte rna tives th a t would req u ire  m an to 
taike only the amount of w a te r needed to sa tisfy  basic  n eed s , ra th e r than 
attem pt to cap ture  a ll the w ate r in the hydrologie system  a t one tim e.
By allowing the m ajo rity  of the flow of w a te r to continue in the channels
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supplied by na tu re , w ater could again assum e its n a tu ra l ro le as the 
m ost im portan t m edium  of ecological balance.
It does requ ire  the assum ption that an enlightened public has 
as the fo rem o st aim  to  conserve the re so u rces  of the environm ent. A 
view of life th a t d isca rd s  the egocentric concept of m an  as the dominant 
species over n a tu re , replacing it  with the concept of m an as a co -p a rtn e r 
with his ecological colleagues. The new approach to living becom es m ore 
than m ere ly  a life s ty le , but m ore of a re lig ious, o r  m o ra l concept w here 
b ro ther ant and b ro th e r f ire  a re  a  p a r t  of the sp ec te r  of life with b ro ther 
m an. Stated m ore rea lis tic a lly , the "change of m ind" w ill have to do 
with m an 's  attem pt to s tru c tu re  his life according to the n a tu ra l rhythm s 
of the environm ent. He w ill renew the anim al and p lan t habitats and take 
from the environm ent only that which he needs to susta in  life .
E ffect of a  Balanced Ecology L ifesty le  
on W ater Demand
There is  no such thing as "w aste" in  the n a tu ra l environm ent. 
The environm ent is  p rep a red  to dilute, degrade, and recy c le  by-products 
of energy and m a te r ia ls  d issipation  into life p ro c e sse s . The environm ent 
is thus dependent and s tru c tu red  for w aste-receiv ing .
F o r m o st of h isto ry , m an  has lived  in  harm ony and benefited 
from  th is ecological ingenuity. The vu ltu res and b a c te ria  have been equal 
to the feces and garbage, the c a rc a sse s  and co rp ses . As m an began to  
expand his expectations and his range of ac tiv itie s , an ti-eco log ical fo rces
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w ere se t into m otion. He learned  to r e s is t  d isease  and adapt to d ifferent 
environm ents until he becam e the m ost num erous of all la rg e  anim als. 
N atural con tro ls on m an 's  population size which also  se rv ed  to con tro l his 
w aste-m aking have been  surm ounted. We now find o u rse lv es adapting to 
w aste ra th e r  than controlling i t .  The increasing  d ra in  on the capacity 
and capability  of the environm ent to consum e w aste is forcing us to find 
ways to contro l our w aste --an d  we m ust find ways to do it as swiftly eind 
efficiently as p o ssib le . This m ay only be possib le  if we a re  willing to 
eliter our behavior o r lifesty le  and give up som e of the things we now 
consider im portan t to a  sa tis fac to ry  life .
One possib le  change of lifes ty le  which would conserve itse lf  
with environm ent by re s tr ic tin g  the use of w ater and generation  of waste 
is that of the new H ippy-style communal living. It is  not inconceivable 
that this type of so c ie ta l form  could becom e significant in the not-too- 
d istan t fu tu re . A lready many of the c h a ra c te r is tic s  of com m unal socie ties 
are  being to le ra ted  and even accepted in C alifo rn ia . A recen t exposition 
of over th irty  bus-loads of communal dw ellers made a  p ilg rim age to 
es tab lish  a "fam ily" on a large eas te rn  N ebraska fa rm  w hich they had 
jointly  purchased . Only éifter the local landowner observed  w ith h o rro r  
the consignees w ith whom he had been dealing and reneged  on the con tract 
did the caravan  decide to re tu rn  to its fam ilia r  and m ore  to le ra n t C a li­
fornia.
G overnm ent w elfare subsidies a re  sufficient to support an
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individual and his fam ily in the trad itio n  of the com m unal hippy, auid a 
num ber of "p rev iously  resp ectab le  and leading" citizens have chosen 
th is way of living in th e ir  attem pt to defy the inequalities and hypocrisies 
of the m odem  w orld . P e rh ap s  the acceptance of th is lifesty le w ill lead 
to a sanctioned m eans for solving m any socia l prob lem s: of the ghettos; 
the la rg e  num bers of unemployed; unproductive p erso n s who cannot find 
a place in the norm al society , such as em otional m is f its , people w ith 
tem porary  em otional d istu rbances, o r  reh ab ilita ted  convicts before they 
re tu rn  to the working w orld . T here a re  any num ber of ca tego ries  of 
human beings who are  e ith er by choice o r  by p re jud ice  ou tcasts from  the 
norm al realm  of society .
It is  even conceivable th a t businessm en  and p ro fessionals  
would take th e ir  vacations o r  extended leaves of absence to  the commune 
in o rd er to renew  th e ir  vigor fo r facing the demanding pace of the working 
c la s s . College p ro fe s so rs  who w ish  to spend th e ir  sabbaticals in  an 
atm osphere of m editation  and in te rco u rse  w ith n atu re  would find a y ear 
o r two of com m unal living to th e ir  sa tisfac tio n .
It is possib le  tha t 15 to 20 p e rc en t of the .American population 
could be living in the commune at any poin t in  tim e . Since the opportunity 
to spend tim e in  th is re laxed  non-com m ercia l!zed  atm osphere w here 
relig ious m editation (or superv ised  over-indulgence w ith drugs) would 
be considered a therapeu tic  rew ard  for h a rd  w ork. People would look 
forw ard  to the opportunity to  spend tim e in his favorite  commune - - living
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in a relaxed  atm osphere w ith his "fam ily" and doing only those things
that in te re s ted  him m ost. College p ro fe sso rs  would "rap" with e le c tr ic ia n s ,
and aerospace eng ineers would m editate w ith college drop-ou ts.
A b asic  change in so c ie ta l values would be n e ce ssa ry  fo r th is 
o ccu rren ce , and public support would have to be both m onetary  and a tti-  
tudinal. The re su lt  of the com m unal concept of lifesty le  from  the s tan d ­
point of enhancem ent of conversation  would be a byproduct of the lifes ty le . 
Since the b asis  fo r life in the commune would be com plete and lasting  r e ­
lationship w ith environm ent, an ethic o f ecology would p rev a il. A balanced 
system  would ex is t w here people would, because of th e ir  concern fo r 
nature  and the environm ent, consume only the basic  elem ents of a ir ,  
food, w a te r, and energy  needed to susta in  life . The new focus for living 
would be a ca lm ness and se ren ity  instead  of the in tense, v io lent life of 
the m odern c ity -d w elle r.
The p rim a ry  function of each m an 's  ac tiv ities  would be to ca re  
fo r the com ponents of natu re  of which m an would become an in teg ra l p a r t .
The sp in-off benefit would be that th is conservation ist attitude would c a r ry  
over to the outside w orld , and life in general would be m ore  p leasan t and 
m ore responsive to the lim itations of the environm ent. Even the c ities  
would becom e quiet, a ttrac tiv e  cen te rs  fo r p leasan t com m unity living w ith 
p a rk s , p laygrounds, and open space. P o llu tion  would no longer be a 
problem  since econom ic p r io r it ie s  would favor life  ra th e r  than  production.
The p ro sp ec ts  of th is  form  of lifesty le  a re  not as rem ote as
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the o lder generation  would conclude. Even now m any in telligent college 
students are  m aking plans to find a favorable location in  which they can 
stay  together a f te r  graduation. E ach  p e rso n  would find work in the e s tab ­
lishm ent system , but the hom elife would be a form  of the "extended fam ily" 
w here each individual would contribute w hat he does b es t fo r the group.
This lifesty le w ill, if allowed to flo u rish , have some frightening effects 
on the co rporate  s tru c tu re . No longer w ill it be n ecessa ry  fo r each  couple 
to have two c a r s ,  a boat, a cam per, a  swimming pool. T hese-costly  item s 
can be shared  as w ell as household item s like w ashers  and d ry e rs , vacuum 
sw eepers, and e lec tr ic  too thbrushes. The en tire  economy w ill be upset. 
Surely a law w ill be p assed  preventing th is  kind of crimineil action against 
the system  before it  can be c a r r ie d  to the point of ex trem e.
D r. John Todd has taken a look into the future and p red ic ted  
th a t the hom estead o r sm all farm  has the potential of being the co rn ers to n e
9
of the solution to the environm ental c r is is .  This tw en ty -first-cen tu ry  
hom estead w ill be ecologically  com plete, even to the point of generating 
its  own power needs from  non-polluting sources of energy such as the 
sun, wind, or gases that a re  the byproducts of sewage decom position.
D r. Todd d esc rib es  a num ber of techniques for producing energy, r e ­
storing  so ils , and producing foods by red irec tin g  ac tiv ities  which 
fo rm erly  w ere  d estruc tive  to or polluted the environm ent. New r e -
9
John H. Todd, "The 21st C entury H om estead ," O rganic 
G ardening, Vol. 18, No. 12 (D ecem ber, 1971), 57.
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lationships between plant d iv ersity , so il fe rtility , and the ability  to w ith­
stand the onslaught of pests  and d iseases  a re  being sought. With in ­
creasing ly  productive o rgan ic  food production, m ore  land w ill become 
available for o ther purposes such as new crops growing in in trica te  
com binations which also  allows placing livestock  on the land.
A lready Oklahoma is offering te n -a c re  hom esteads for fru it 
farm ing w ith guaranteed  incom es of $7, 000 p e r y ea r. As p a r t  of an 
Economic Developm ent p ro jec t, the s ta te  w ill offer tools and tra in ing , as 
w ell as subsidies until the crop  is able to m ain tain  a level of subsistance 
for anyone who w ill w ork the Izind and rem ain  on the farm .
Another fea tu re  of Todd's hom estead of the future w ill be the 
sense of the land and forces o f nature re flec ted  in the p laces of human 
habitat. The houses and sh e lte rs  will be environm entally  sensitive , low 
cost, and individually built to sa tisfy  the needs and ta s te s  of each  fam ily.
A lifesty le  conceptualized by o thers follows m o re  the w ritings 
of Huxley and O rw ell, which p red ic t a fu tu ris tic  technology unim agined by 
p resen t-d ay  stan d ard s. P red ic tiv e  studies of a highly-advanced technology 
have been the m ost common among p rognostica to rs  of the future and 
hold some in teresting  p rospects  fo r the conditions of conservation  of r e ­
so u rces . In th is fu tu ris tic  socie ty  m any of the basic functions of m an 
which req u ire  w ater, such as cooking and bathing, would be obsolete.
^^Sylvia E . Bowman, The Y ear 2000 (New York: Bookman 
A sso c ia tes , 1958).
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Food and liquid would be either in the form  of p ills o r be given 
intravenously while sleeping. Dishes would no longer be requ ired ; the 
weekly quota of clothing would be purchased  at the co rn e r s to re  and, a fte r 
use, disposed of by some com plete degradation p ro c e ss . One size would 
fit all people w ithin an age group because of genetic advances and a rtific ia l 
diet control. The body eind o ther household w astes would be im m ediately 
destroyed by some as yet uninvented p rocess  and would not requ ire  handling 
o r trcuisporting away from  the inhabitants.
The en tire  food supply would be from  a r tif ic ia l nu trien ts  in 
tablet form . Bathing would not be n ecessa ry  because of a d ry  vacuum 
p ro cess  o r chem ical change which would instantaneously  cleanse the 
body of all soil and b ac te ria . Lawns would not be n e c e ssa ry  because of 
a rtif ic ia l tu rf . C a rs  would not be individually owned. A com pletely 
public tran sp o rta tio n  s y stern would provide fac ilities  fo r tran sp o rta tio n  
from  the individual's doorstep  to any w orld destination. The only possib le 
quantity use of w ater would be fo r rec rea tio n a l purposes in lakes and 
s tre a m s .
The final concept which, with a slight in terjec tion  of im agination, 
could provide a p ra c tic a l solution even within the p re se n t sociological setting. 
It would not req u ire  extensive change of lifesty le p a tte rn s . The p rim ary  
requ irem ents fo r th is concept is a new design for individual living units.
Since one segm ent of ecology cannot be considered  in a vacuum , the home 
should also contain c h a ra c te r is tic s  which w ill be intended as solutions to
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reso u rce  problem s o ther them w ate r. To begin w ith, the basic  s tru c tu re  
could be bu ilt of en tire ly  non-flam m able m a te r ia ls , including furnishings 
w hich w ill alleviate the n ecessity  fo r trad itio n a l f ire  -fighting s tan d a rd s . 
Since the p rim a ry  reaso n  for the im m ense over-d esig n  of w ater system s 
is to accom m odate fire -co d e  req u irem en ts , a substan tia l savings would 
occur im m ediately. E lim inating the n ecess ity  fo r fire  insurance ra tings 
by the N ational Insurance U n d erw rite rs  would a lso  provide an econom ic 
advantage.
Some exciting new b reak -th roughs a re  occurring  w ithin the
arch itec tu ra l p ro fession  which would b e a r  m ention. The new th eo ry  of
E k is tic s , developed by environm ental and urban p lanner, C . A. D oxiadis,
is an approach to doctrine for urban  and reg ional design which p e rm its
o rd erly  and ra tiona l growth of c itie s . It shows how a ll stages of grow th
m ay be accom m odated to provide for the to ta l environm ental needs of
human population. E k is tics  is a  m u lti-d isc ip lin a ry  science drawing on
the substance of physical, b iological, and socia l sciences for its basic
content. I t aim  is "how to m ake a se ttlem en t so as to fill the two basic
12requ irem ents of m an, secu rity  and h ap p in ess ."
T here  is em erging a num ber of m odern-thinking m em bers of 
the a rch itec tu ra l p ro fession  who seek  a  s im ila r  new dim ension in  "space
A. D oxiadis, E k is tic s; An Introduction to  the Science of 
Human Settlem ent (New York: Oxford U niversity  P r e s s ,  1968).
^^Ibid., p. 9.
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for living. " Men like P ao li S o leri, Ian  M cH arg, and Law rence H alprin  
a re  d istu rbed  by the th re a t of socie ty  slowly devouring itse lf  by building 
without consideration  e ith er fo r the land or fo r the rea l needs of people. 
P ro fe s so r  Vincent Sculy, Dean, Yeile School of A rch itec tu re , says that 
" . . .  the human act of a rch itec tu re  is  the construction  of the whole en ­
v ironm ent. The a rc h ite c t should co n cern  h im se lf w ith houses, t r e e s ,
13roads, and everything else  in the env ironm en t."
Ian M cH arg has launched p ioneer ecological studies fo r the
a rch itec t a t the U niversity  of P ennsy lvan ia , calling for a  study of the
14la n d sc ap e --" . . . the region w ill suggest its  own form . . . . "
H alprin  argues th a t the m o st im portan t elem ent in a house or 
s tru c tu re  is technology, its  capacity  to cool, heat, p re p a re  food, dispose 
of w aste, e tc . P ro fe s so r  Knowles at the U niversity  of C alifo rn ia  has 
worked out an e labo ra te  low -energy a rc h ite c tu ra l system : buildings d e ­
signed to conserve heating and cooling energy  through location and p lace ­
m ent to take advantage of sun, ra in , and wind p a tte rn s . " . . .  What we 
a re  thinking about is  not an aesthetic  of fo rm , space, and s tru c tu re ; it  is 
an aesthetic  of surv ival. . . .
13"New A rch itec tu re : Building fo r Man, " N ewsweek, Vol. 
LXXVU, No. 16, A p ril 10, 1971, p. 79.
^ ^ a n  M cH arg, D esign With N ature (G arden C ity , New York: 
Doubleday &c C o . , I n c . , 1969).
^^Law rence H alprin , The RSVP C ycles, C reative P ro g re s s  in  
the Human E nvironm ent (New York: G. B ra z il le r ,  1970).
^^"New A rch itec tu re : Building fo r M an," p . 87.
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If the new urban scenes proposed by H alprin , M cHarg, and 
o thers are  éiny indication, the city  of the fu ture w ill welcom e m ixed 
d iverse  functions and re s id en ces , abolish the autom obile, and es tab lish  
open p lazas w here ch ild ren  can play. These plans a re  p rac tica l and 
p robable, given some m uch-needed reo rd erin g  of socia l, p o litica l, and 
financial p r io r i t ie s .  Houses w ill be placed very  close together in a c lu s te r  
to conserve space fo r a  la rg e  open "green" a re a  which w ill be used for the 
m utual benefit of the neighborhood. This c lu s te r  design w ill cen te r around 
the needs o f ch ild ren  to  p lay and le a rn  in safety and in re la tionsh ip  w ith 
n a tu re . The autom obile w ill be de-em phasized  as narrow  s tre e ts  w ill 
se rv e  only the r e a r  of the homes o r be elim inated com pletely . T ran sp o r­
tation within the neighborhood "green" w ill be by foot and bicycle, with 
p rov isions fo r sm all e le c tr ic  c a r ts  fo r aged p e rso n s . E x te rio r a rc h i­
tec tu ra l design w ill be elim inated  in  favor of m echanical function and 
safety . E m phasis on beauty and style w ill be confined to the in te rio r of 
the s tru c tu re . E ach  unit w ill have a sm all p riv a te  p a tio -y a rd  fo r outdoor 
living.
D rainage fo r  the en tire  a re a  w ill be designed w ith gentle slopes 
to méiximize the use of ra in fa ll for irr ig a tio n  of the g reen  space. Runoff 
w ill be collected in  sm all lakes to use fo r irr ig a tio n  during the dry  season. 
The green  a re a  w ill also be a balanced ecological system  w ith p lants and 
w ildlife indigenous to  the geographical a rea .
T here  w ill be no n ecessity  for a collection system  o r  w aste
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trea tm en t facility ; w aste from  each  féimily dwelling w ill flow through an 
irrig a tio n  and fe rtiliza tio n  system  to the fam ily garden. A sm all w ate r- 
trea tm en t p lan t a t a lake could provide for minute quantities of potable 
makeup w ater as req u ired  fo r each home w ate r system . W ater re se rv o irs  
within the home w ill be autom atically  level-con tro lled . These w ill provide 
hot and cold w a te r fo r cooking and drinking. Connections from  the public 
system  to the house w ill not have accessib le  véilves; thus no one w ill be 
able to regulate the flow of w ater into the hom e. Since no flam m able 
m a te ria ls  w ill be used , only sm all pipes w ill be n ecessa ry  to serv ice  the 
hom es. F ire -fig h tin g  equipm ent w ill be needed only fo r using lake-w ater 
on possib le g ra s s  f ire s  in the g reen .
The home w ill be oriented so as to take advantage of natureil 
wind and w eather conditions to  aid cooling and heating. The objective of 
the home m echanical system  w ill be to e:sq>lore the little -u se d , ancient, 
non-polluting fo rm s of energy: sun, wind, ra in , and w ate r c u rre n ts .
While these fo rm s of energy w ill not handle the needs of la rg e  c itie s , which 
are  m o n stro sitie s  incapable of incorporating ecological p rin c ip les , it is 
possib le to h a rn ess  these old-fashioned form s of energy on a sm all scéde. 
They m ay be the key to a form  of ru ra l  rev ival w ithin sm all com m unities. 
Windmills and so la r  g en era to rs  fo r heating houses and cooking a re  possible 
on individual home insta lla tions. Dom estic w astes w ill no longer go into 
sew ers but w ill be a  source of gas energy and fe r t i l iz e rs  to  be re tu rn ed  
to  the land.
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If, as a nation, we w ere to  spend half as m uch on creating 
low -cost s ing le-fam ily  o r sm all com m unity -s ize  sources of energy as 
we do on oil exploration  o r  developm ent of potentially  dcingerous nuclear 
g en era to rs , it m ight be possib le  to solve a num ber of environm ental and 
socia l c r is e s  at the sam e tim e.
Use of w ate r in the home could be v e ry  s im ila r  to th a t of 
p resen t-d ay  hom es. H ow ever, each  functional use of w ater w ill be iso lated  
in self-con tained  equipm ent which w ill not allow m ixing of the various im ­
p u ritie s  added to the w ater as i t  is used.
It should be noted that the one use of w ate r in the home that 
does not lend itse lf  to recycling  w ith re la tive  ease and safety is flushing 
body w astes. Garbage can be disposed of in  a  m uch m ore  convenient and 
econom ical m anner than the sink garbage d isposal. Soaps can be applied 
in such low concentrations that th e ir  rem oval would p re se n t no p a r tic u la r  
problem .
By isolating the to ile t w aste w ater from  the rem ainder of the 
system , and trea tin g  these w astes separa te ly , the rem aining w ater can 
be recycled  through a  sim ple tre a tm en t p ro cess . Many uses of w ate r in 
the home req u ire  only swimming-pool quality for nonpotable use , so the 
ta sk  of trea tin g  the recycled  w ater is  m ade even e a s ie r .
Body w astes can be easily  and com pletely tre a te d  by a  sim ple 
aera tion  tank w ith the p ro p e r balance of w ater and a ir  designed into a 
m echanical mixing tank. Sm all amounts of overflow draining to a tile  fie ld
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or re se rv o ir  can be used fo r lawn w atering . D rinking and cooking requ ire  
a very  sm all am ount of w ater p roportionally , and thus could be supplied 
through the public potable supply to autom atic ally  - re  g ulate d r e s e rv o irs ,  
providing a continuous and instan t hot and cold supply to  the kitchen. O v er­
flow or w aste from  these  faucets would be sufficient fo r m ake-up  w a te r to 
the system  from  the lo sses  accounted to the w aste tre a tm e n t system . Peak 
demands would be non -ex istan t as the hot and cold re se rv o irs  would be 
p re s su re -se n s itiv e  and would not fill when an excessive  load on the public 
system  caused  a  drop in p re s s u re . Instead , the re se rv o irs  would fill 
during off-peak p e rio d s.
The w ate r for bathing, washing hands, w ashing f lo o rs , and 
m iscellaneous household use could be recycled  through a la rg e  re se rv o ir  
of 12,000-15, 000 gallons. This pool would serve  as a fam ily  bath  and 
would be tre a te d  in m uch the sam e m anner as a conventional swimming 
pool. The w ate r tem p era tu re  could be m aintained fo r com fortable bathing 
since no high tem p era tu re  w a te r would be req u ired  in  the recycling  system . 
Clothes can be w ashed in cold w a te r, and dishes would be s te a m -tre a te d  
afte r being rin sed  w ith the tep id  w ate r. C hem ical tre a tm e n t could be added 
to the system ; how ever, v e ry  few im purities  would be accum ulated in the 
w ater that could not be efficiently rem oved by the f il te r ,  s ince no garbage, 
feces, o r u rine would en te r the f il te r .  A kitchen tap  could provide non­
potable w ater fo r routine cleaning, as w ell as a  ho t-w ater tap  fo r w ashing 
su rfaces fo r eating and p rep arin g  food.
137
The foregoing describ es  am ailternative lifesty le  th a t would not 
supplant the no rm al A m erican  cu ltu ra l req u irem en ts  d ra s tica lly . Some 
desirab le  solutions to p rob lem s o ther than w ater shortage would also 
re su lt from  such a schem e. The aesthe tics  of recycling  w aste  w ater 
would not be a factor since excrem ents are  not recycled , and only the 
individual fam ily 's  own w a te r is reu sed  ra th e r  than the com m unity w ater. 
Any o rg an ism s, such as v iru se s  w hich m ight surv ive the tre a tm e n t p ro ce ss , 
would be confined to the occupants of the house and could not cause w ide­
sp read  epidem ics. The sim ple w a te r-trea tm en t p lan t would becom e a 
routine piece of m echanical equipm ent fo r each  new hom e, s im ila r  to the 
p re sen t furnace and hot w a te r h ea te r.
This p lan  does not, of co u rse , provide a  feasib le  m eans for 
converting existing housing, but the future population e:q)ansion would be 
assu red  adequate w ate r since p e r  cap ita  use in the neighborhoods would 
be reduced to two to five gallons p e r  day.
F u rth e r  com prehensive study of fundam ental changes in 
engineering design a re  needed that w ill a ttack  the c r is is  of the environm ent. 
The individual home is one of the m o st obvious points of beginning, but 
unless the inhabitant has perce ived  tha t a c r is is  e x is ts , re su lts  of these 
studies w ill be placed on the shelves of another un iversity  lib ra ry  to join 
the ghosts of o ther s im ila r  " in te llec tual"  e x e rc ise s . Nothing dishonors us 
m o re , o r  does m o re  to lim it the p o ssib ilitie s  of genuine p ro g re s s  than the 
flaws in human natu re  tha t cause us to m isunderstand  the legacy of the p as t 
and m isuse  the opportunities of today.
CHAPTER V II
CONCLUSIONS
P ro p o sa l for a New Science; Soft Technology 
Dying Lake E r ie ,  the polluted a ir  and r iv e rs  of our every in­
d u s tria l s ta te , and the hideous slum s of our big c itie s  a re  the exp ressions 
of d isto rted  values that p e rm it us to dem ean and d im in ish  so m uch of our 
continent. D aniel P . Moynihan, fo rm er C ounselor to the P re s id en t, w rote 
the p reface  to his la te s t  book on the m orning of the day of A m erica 's  f i r s t  
lunar landing. The ce leb ration  v ic to ry  in space w as curiously  m uted, he 
noted, because in telligen t A m ericans rea lized  th e ir  fa ilu res  on earth . 
C oncern  for the condition of life in the A m erican  c itie s  produces a m om ent 
of thoughtful ponderance when we stop to think of what re su lts  m ight have 
been possible if a  sc ien tific  and po litica l coherence of effo rt w ere to  be
d irec ted  tow ard im proving life on ea rth , as was done in the quest to 
1conquer space.
R ea lis tic  action, how ever, req u ire s  m o re  than m oralizing 
about the rights and w rongs of p a s t y e a rs . N or c«ui the m istakes be
^Daniel P .  M oynihan, ed. , Tow ard a  N ational Urban Policy  
(New York; B asic  Books, In c .,  1970), p . ix.
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rem edied m ere ly  by p iecem eal actions that attem pt to re p a ir  the depredation 
of the p as t w ithout full com m itm ent to put the w elfare of people and land 
ahead of p ro fits . Only if ecological planning is given the p r io r ity  it de­
se rv es  can the consum ption and production standard  in our society  ever be 
reconciled  with an env ironm ent-orien ted  standard . Only then can a m arriag e  
of technology, econom ics, and ecology occur.
Since the beginning of the industria l revolution, engineers and 
sc ien tis ts  have guided technology tow ard a p ro d u ce , grow , expand, and 
com pete objective. The resu lting  blighting and befouling of land and r e ­
sources has been accepted as one of the costs of a p ro g re ss iv e , powerful, 
in d u stria l nation.
The m anned space progreim has perhaps produced at le a s t one 
m easurab le  benefit to m ankind. It has estab lished  an atm osphere of aw are ­
ness of the finite ness of e a r th  fo r everyone - -a s tro n a u ts , s c ie n tis ts , law yers, 
p lum bers , housew ives, b a rb e rs , and young people. It has se t the stage for 
a New S c ien ce--a  science which has a technology which is m o ra l, not money 
orien ted; its goals a re  e th ic , not econom ic, and its objectives a re  c o n s e r­
vation, not destruc tion , of re so u rc e s . This is  the technology of an en light­
ened people, who recognize the fact that conservation  is  indispensable to the 
long-term  w ealth  and s tren g th  of nations. It is  a soft technology.
This new science could produce, instead  of an in d u stria l rev o ­
lution, a conservation  revolution. It w ill be applied to re se a rc h  fo r clean 
energy sources from  the wind, sun, and falling w ate r; recycling of w astes
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instead of searching  for m ore m eta l and fuel deposits; public trauisportation 
ra th e r  thaui m ore  c a rs  with prograim m ed obsolescence; organic ag ricu ltu re , 
which causes no harm  to nature from  synthetic fe r ti l iz e rs  and p estic id es  ; 
and w a te r-re so u rc e  planning th a t w ill not k ill the lakes and w ildlife. It 
w ill give us the technical sk ills  to re d ire c t our en te rp rise  system  fo r the 
f i r s t  tim e to enhance living values. I t w ill accom plish th is by the thoughtful 
design and location of its fac to rie s , by creating  a fulfilling m ilieu  fo r its 
w o rk e rs , and contro lling  its p ro cesses  and effluents. M ost im portan t, it 
can give us the sk ill to build beautiful living, and working, and playing 
environm ents for people.
Not until we saw a p ic tu re  of the e a r th  from  the surface of the 
moon did it occur to us, in the headlong ru sh  to produce m ore  and m ore 
consum er goods to supply what w as assum ed to be an ev e r-in c re a s in g  
population, th a t our p lanet was fin ite . I t  has an environm ent which is 
frag ile , biologically  interdependent, and self-contained . M l the re so u rc e s  
we req u ire , ex cep t the energy from  the sun, m u st be found on e a r th  and in 
its  atm osphere. All the w astes we produce by transfo rm ing  these re so u rces  
into products and s e rv ic e s , m ust be strew n or s to red  som ew here on ea rth , 
and m o st of these  re so u rces  a re  irrep laceab le .
The new science w ill go beyond the physica l im pairm ents of 
pollution and over-consum ption . It w ill focus attention on the human psyche. 
It w ill fight fo r park s  amd walking paths and open space for ch ildren  to play 
in saie ty . I t w ill design new com m unities w ithin the c ities and take the fate
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of urban expansion out of the hands of en trep ren eu rs  and p riva te  developers. 
It w ill place value on beauty, love, and peaceful p laces w here w ildlife can 
flourish . It w ill en tail an application of the system s approach to the in trica te  
system  of life itse lf .
Objective of the New Science 
Throughout A m erican  h is to ry , the m unicipalities which secu red  
the building of public w orks always congratu lated  them selves on providing 
for the needs of th e ir  c itizens for generations to com e. A lm ost invariab ly , 
they underestim ated  future consum ption. This eventuality  is s till  p red ic tab le  
even w ith the m o st advanced techniques of planning fo r design, especia lly  
in w a te r-re so u rc e  p ro jec ts  and tra n sp o rta tio n  system s. These are  glaring 
illu stra tio n s  of the en g in eer's  inability  to anticipate the trem endous in c rease  
in p er capita  consum ption by the A m erican  public. Each new attem pt to 
solve the demand problem  for the urban cen ter proved fru s tra tin g  when the 
expanded system s become obsolete in  many cases before they have been 
en tire ly  com pleted, not sim ply because of the added population grow th, but 
m ore because of the trem endous appetite fo r consum ption which has r e ­
sulted from  the ever-e3q>anding affluence of the city dw eller.
In d ire c t p roportion  to the over-consum ption  tren d s , p a rtic u la rly  
for w a te r , is the g rea t abundance of w aste which is being c a r r ie d  away 
from  the A m erican home and deposited in the natu ra l w aterw ays of this 
country. The f i r s t  objective of the new science would be to w ork tow ard
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a p lan  to reduce over-consum ption  and pollution of the w ater re so u rces  
of the planet.
A s tr ic tly  engineering approach to p red ic tions of the future as 
a b asis  for design does not co rrespond  to the eco lo g ists ' p lea  fo r a se a rch  
fo r m ethods to reduce the trem endous appetite of the A m erican  public fo r 
destruction  and consum ption of the n a tu ra l re so u rc e s . The to leran ce  of 
the écologie equ ilib rium , experts  say , may be su rp assed . It is the view 
of many w rite rs  today that fundam ental overhaul on a so c ia l level of some 
of the m o st cherished  tenets  of an in d u stria l socie ty  is a p re re q u is ite  for 
the future w elfare  o f the e a r th 's  surface  which is la rg e ly  in the hands of 
m an. Thinking m an  has the choice of how to influence future changes in 
his environm ent.
The soft technology w ill explore a lte rna tive  approaches to the 
problem s of p red ic ting  public w ater requ irem ents fo r the fu tu re . The 
age-old  p rem ise  that a cap ita lis tic  f re e  society  can  only survive through 
in c reased  expansion and ac ce le ra ted  production w ill be ignored  fo r the 
m om ent. Instead  of sim ply assum ing "w hat has taken  p lace  in  the p a s t w ill 
continue, only m ore so, in the fu tu re ,"  new c r i te r ia  w ill be developed for 
planning based  on the changes that could occur as a re su lt of lessons 
learned  from  m istakes in m anaging the environm ental re so u rce  accounts 
of the planet.
Planning team s w ill work together on p ro jec ts  effecting ecology 
to a sc e rta in  and a rticu la te  ideas involving not only physica l but also
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cu ltu ra l, econom ic, and soc ia l fac to rs . These com plex prob lem s w ill 
req u ire  in te rd isc ip lin a ry  team s of a rc h ite c ts , eng ineers, soc io log ists, 
psycholog ists, an thropolog ists, p lan n ers , econom ists, law yers, and 
m anagers bound together by a common com m itm ent.
The soft technology w ill begin by developing a p lan to  allow 
each individual hom eow ner the opportunity to stop polluting the w ater. 
The objective of w a te r -re so u rc e  engineering w ill be to allow as m uch 
w ate r in the n a tu ra l channels of the land to continue in its unobstructed 
design of providing the lifeblood of the ecological system  in stead  of 
capturing as m uch a s  possib le  fo r the exclusive serv ice  of m an. Spe­
cifically , the planning w ill accom plish  the following:
1. Identify fac to rs  and trends w hich contribute 
to the destruc tion  and w aste of environm ental 
re so u rc e s . O bjectives w ill be concerned  with 
the conflict around competing uses of and th e ir  
a sso c ia ted  d es tr ic tiv e  qualities on w a te r. This 
w ill produce a detailed  p rio r ity  l is t  fo r the m an ­
agem ent of w a te r re so u rces  based  on re la tiv e  
polluting abuses.
2. Study the econom ic re la tionsh ips of w ate r use 
and w a te r pollution fo r a range of a lternative  
applications by com paring w ithdraw al, con­
sum ption, recy c le , reu se , e tc . This w ill show 
how econom ically feasib le a lte rn a tiv es  are  
possib le  which w ill re v e rse  the p ro g re ss iv e ly  
increasing  destructive  tendencies asso cia ted  
w ith  w ate r u se .
3. Specify and evaluate a se t of a lte rn a tiv es  for 
fam ily living consisting of s ing le- and m ultifam ily  
houses and public fac ilitie s  n e c e ssa ry  in a neigh­
borhood c lu s te r . This w ill include a rc h ite c tu ra l 
and engineering designs fo r houses w hich w ill
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req u ire  only m inim um  quantities of w ater 
w ithout lowering the A m erican  standard  of 
living and which w ill produce no w a te r- 
polluting w astes. Included w ill be socio- 
logical, psychological, econom ic, and 
engineering éinalyses. A ll of the n e cessa ry  
functions of the fam ily  w ill be re ta in ed  except 
the attitude that w ate r is an unlim ited commodity.
New a rch itec tu ra l concepts w ill be incorporated  
w ith a com plete redesign  of the m echanical 
sy stem s of hom es.
4. Team s of in terd isc ip lin ary  p ro fessionals will 
develop and evaluate new designs to determ ine 
the d es irab ility  and p rac tica lity  fo r prom oting 
the concepts to public use.
5. A se t of techn ical coefficients based  on reduced 
consum ption as a  source  of supply w ill be applied 
to p red ictive m athem atical m odels to com pare the 
la rg e -sc a le  m easu rem en t of dem and based on p re se n t 
e s tim a tes  of w ithdraw als to  the "m icro -lev e l"  
approach of the new definition of w ate r demand.
This w ill illu s tra te  the im pact on w ater reso u rces 
engineering which could re su lt  from  the plan.
F utu re  D irections for W ate r-reso u rce  Development 
W ater technology is concerned w ith the application of scien tific  
knowledge and m a te r ia l techniques to the a lte ra tio n  or channeling of w ate r 
dem and to the production, s to rag e , o r tran sp o rta tio n  of w a te r. A dm ini­
s tra tiv e  policy is concerned w ith the application of social techniques to 
the sam e ends. R evisions in technology and adm in istrative policy can 
provide som e but not a ll solutions to the ecological p rob lem s facing future 
generations. B asically , the solution m u st be in the eth ical reedm. A 
m ajo rity  of people m u st develop a sense of stew ardship . This stew ardship
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w ill involve a change from  the exploiting I - i t  conflicting in teraction  between 
m an and his environm ent to an I-thou concern, a change from  the fragm ented 
cu ltu ra l division th a t we have large ly  been p rac tic ing , to an w holistic , in te ­
grated , and p lu ra lis tic  c u ltu re . M ore significantly , any p ro g re ss  tha t is 
made m ust be made in the very  sh o rt span of one to th ree  generations.
There m u st occur a blend between technology, adm in istrative 
organization, and m o ra lity  in o rd e r  to profoundly affect the course that 
w ate r and economic developm ent re la ted  to w ater w ill follow. Much 
scien tific  re se a rc h  follows d irections that a re  governed by socia l needs. 
Development of a m ore  sophisticated  knowledge of these needs m u st be 
undertaken if we want science to fulfill its  social ro le . In m any cases, 
sc ien tis ts  are  so in te re s ted  in th e ir  own self-m ade problem s that they 
tend to neglect the p rob lem s that a re  m ore meaningful for human life.
In effect, sc ien tis ts  a re  p ractic ing  a form  of in te llec tual m astu rbation .
On the other hand, sc ien tis ts  alone do not have specia l qualifications to 
form ulate goals for society ; they can, however, and should play a ro le of 
unique im portance in try ing  to determ ine what is  feasib le , w hat kind of 
knowledge is requ ired , and what a re  the likely consequences of various 
courses of action.
It is possib le  to c rea te  a science in w hich the in tellectual 
atm osphere and technology w ill be favorable for the developm ent of the 
kind of complex, ecological thinking req u ired  if conservation  is to become 
m ore than a sen tim en tal word. V arious philosophies of conservation  have
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m e r it  and can lead  to the form ulation of leg itim ate socia l goals, but the 
philosophies can be viable and the goals reached  only if ce rta in  ecological 
im pera tives a re  respected . The definition of these im peratives demands 
a new kind of scientific  knowledge fa r  d ifferent from  what is p resen tly  
being developed.
This d iscussion  p resen ts  a paradox confronting the engineering 
p ro fessio n a l e th ic . As a student of the environm ental re so u rc e s  of the 
p lanet, the engineer is aw are of the d estruc tive  consequences of the p ro ­
ductivity of his p ro fessio n  to the life support system s — a ir ,  land, w ater. 
Y et he is somehow unable to b reak  away from  political and econom ic 
forces which con tro l the im petus d irecting  his productive energ ies while 
a t the sam e tim e a p a r t  of his m o ra l fiber s trugg les w ith a solution to 
environm ental degradation.
In the ea r ly  days of m an 's  destruction  of his environm ent, he 
always had the luxuries of good so ils e lsew here; the environm ental wounds 
he left behind w ere som etim es healed by na tu re . Today th is luxury is no 
longer availab le . As a re su lt, the biosphere on which m an 's  surv ival is 
dependent is lite ra lly  in jeopardy. M an m ust begin to re v e rse  th is head­
long plunge into environm ental destruction  and begin form ing public policy 
objectives which w ill p ro te c t environm ental quality.
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An E co log ica l M odel for Water R esou rces Planning
The com plexities involved in achieving these  objectives are  
form idable. In o rd e r  to undertake the n ec e ssa ry  solutions to problem s of 
th is m agnitude, the system s approach m ust be applied. This w ill involve 
identifying and m odeling the subsystem s and determ ining th e ir  in teractions 
before any effective evaluation of the accom plishm ent of goals can be 
undertaken.
On the o ther hand, the m odel should not be considered  an end 
in itse lf. It is m ere ly  a m eans o f attaining an end, and, as such, a  tech ­
nique to be used in m odeling the problem  should be m ade on the b asis  of 
objectives considered . Too often the m odeler attem pts to fit the problem  
to the tool ra th e r  than find a tool which fits  the p rob lem . The falacy with 
m athem atical applications to com plex situations is  that we look for a 
sim ple coefficient m u ltip lie r  to quantify the v ariab les . U nfortunately, 
these coefficients, because they are sim ple to define and because they fit 
a m athem atical fo rm ula , a re  considered  factual. On the o ther hand, the 
m odel is e ssen tia l because it p rovides a m eans fo r viewing the problem  
in its  en tire ty  ra th e r  than p iecem eal and provides a meeins of rea lis tic a lly  
evaluating the re su lts  of an action. In recen t y e a rs , the tools of system s 
analysis have been in creasing ly  applied to the a re a  of w ate r re so u rces  
p rob lem s. Specific e.caunples of such applications a re  thoroughly d is ­
cussed  by R eid . ^
^George W. R eid, A System s A pproach to U rban P lann ing , A
R eport p rep ared  fo r the Oklahoma Econom ic D evelopm ent Foundation,
Inc. (1969).
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The p r im a ry  outputs of m ost of these m odels a r e  fo recasts  
of econom ic and dem ographic c h a ra c te r is tic s  which are  then tied  to w a te r-  
sec to r req u irem en ts  on a regional b a s is . The p rim a ry  difference in 
m odeling applications for the soft technology is  th a t an additional, o v e r­
riding c h a ra c te r is tic  w ill be introduced which w ill have precedence over 
the o ther tw o--the  ecological req u irem en ts  fo recas t.
Scope of Ecologie M odel
The sta tem en t of the problem  and definition of objectives a re  
the f i r s t  req u irem en ts  of the system s approach. This hopefully has been 
accom plished in  the f ir s t  six  and one-half ch ap te rs  of th is d isse rta tio n .
The definition of the system s and subsystem s w hich en te r into the problem  
w ill now be d escrib ed , together w ith  th e ir  in te rac tio n s . The final step  in 
the solution of a  problem  is evaluation and analysis of re su lts  based  on 
actual data. This w ill be left fo r future study.
Essentiéilly, th e re  a re  four m a jo r system s which w ill be con­
s id e red  applicable to th is  model;
1. Ecological System
2. Econom ic System
3. H ydraulogic System
4. Inform ation
The fourth  system  re la te s  to a ll th ree  of the o th ers  and is req u ired  to 
supply data  fo r the en tire  study. The in terac tio n s between the system s
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a re  shown in F igure  8.
The ecological system  re la te s  to  the w ater quantity and quality 
requ irem ents of the n a tu ra l environm ental balance fo r the specific region 
in question. The w ater needs fo r this system  m ust be m easu red  and 
carefu lly  delineated since it constitu tes the life -susta in ing  component of 
w ater demand. This includes not only m an but a ll life which is n ecessary  
to a balance of life . These w ill be m inim um  o r "m o st effective" demands 
determ ined through the m o st adveinced technology in  b iotic and abiotic 
husbandry. T here w ill be no cost allocation w ith th is system  since its 
demand w ill be m et at a ll costs .
The econom ic system  is concerned w ith all o ther uses of 
w ater. The req u irem en ts  for th is sec to r w ill be based  on a va lue-cost 
p r io rity  basis  w hereby each  subsystem  w ill receive a value coefficient to 
be applied to the rem aining w ater re so u rces  a fte r the ecological system  
has been sa tisfied .
The H ydraulogic System  is the m ost extensive system  of the 
model containing m any subsystem s which in te ra c t w ithin them selves, 
such as tre a tm e n t capab ilities and re tu rn  flow o r recycling  quantities of 
the basic re so u rc e s  through tran sm iss io n  system s.
The inform ation system  consists  of inven tories o r data c o l­
lection  p ro ced u res . This phase of the operation  of the m odel w ill requ ire  
the in terd isc ip lin ary  approach  to evaluate the basic system s and identify 
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be done to reduce the requ irem ents of the system  to make them m ore 
ecologically  efficient.
The tim e-fram e for the planning m odel w ill include long-rzmge 
o ccu rren ces, but w ill be based on feasib le  p ro jections of the existing r e ­
sou rces ra th e r  than sim ply on h is to rica l inform ation and tre n d s . Since 
design life-expectancy  of public w ater-w  orks fac ilitie s  w ill not be a fac to r, 
100-y e a r  p ro jections w ill become no rm al p ra c tic e s .
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The components of the m odel and th e ir  sequential arrangem en t 
a re  identified in F igu re  9. The f ir s t  step  is to conduct the req u ired  inven­
to rie s  and data system . Next the p ro jection  of E co-System  p a ra m e te rs  
m ust be undertaken. Then, based  on th ese  p ro jec tio n s , es tim a tes  of the 
to ta l w ater req u irem en ts  fo r a  balanced ecology can be determ ined . Sub­
sequently, a w ater system  plan can be designed. Next, the rem aining w ater 
available can be divided according to  a  v a lu e -co st p r io r ity  system  to satisfy  
regional developm ent goals. Once the plan is developed and made o p e r­
a tional, the evaluation in te rm s  of ecological balance can be accom plished; 
if  n ecessa ry , m odification of the w ate r plan can be m ade.
Sum m ary
B efore it w ill be possib le  to expect governm ent to  support r e ­
se a rc h  in th is idea of a "so ft"  technology, it w ill be n ec e ssa ry  to refute 
the contem porary  fac t of life th a t "he who contro ls  the supplies of pow er, 
d irec ts  so c ie ty ."  D eploym ent of a m assive  developm ent of sm all p u re - 
energy units would take pow er away from  the re la tiv e ly  few.
Studies of new uses of w ater and energy should be enm eshed 
with ecolog ically -based  ag ricu ltu re  and aqua-culture re se a rc h . If th is 
w ere to happen, the fa rm s  of the future would be organic and d iverse  and 
at the sam e tim e able to support la rg e  num bers of people. The basic  
axiom of organic gardening, nam ely the crea tion  of superb  so ils  and the 
























F ig . 9. - -O rganizational Planning Model
cu ltu re  which im itate the p ro c e sse s  of n a tu re , w ill re v e rse  the tre n d  of 
a r tif ic ia l landscape w hich req u ire s  v as t quantities of w ater and chem ical 
fe r t i l iz e r . ^
The problem  is finding support for th is New Science to  form  
a "soft techno logy"--a  technology that would be r isk -fre e  and re s to ra tiv e  
to the environm ent. If th is  w ere p o ss ib le , it m ight even be conceivable
^JohnH . Todd, "Shaping an O rganic A m erica ,"  O rganic 
G ardening, Vol. 18, No. 10 (O ctober, 1971), 83.
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that a new source of human energ ies that could make the difference in the 
struggle to save the p lanet would be uncovered.
It is possib le th a t ru ra l  and urban com m unities fo r the f i r s t  
tim e could make safety and sanity  the norm , w here m en and ch ild ren  
could walk unhurried  to w ork and school, to see and touch natu re  and 
rub elbows w ith  people like and unlike th em se lv e s ,^
If we give ecology and population planning the attention and
p rio rity  they d eserve , we can and w ill reconcile  the c la ss ic  s tan d a rd -o f-
consumption concept in our socie ty  w ith  an env ironm ent-o rien ted  index-
of-living standard . New dim ensions of conservation  could then occur in
5
which a m e rg e r  of econom ics and ecology could occur. To quote M umford 
once again:
D uring the p as t th ree  y ea rs  I, like many of m y colleagues, 
have noted a new generation  coming into the co lleges: a  g e n e r­
ation tra in ed  perhaps m o re  lovingly than th e ir  rig id  and passive  
p re d e c e sso rs . They a re  no longer cagey confo rm ists , no longer 
bent on dodging a ll the adventurous p o ssib ilitie s  of life by an 
overem phasis on secu rity , m easu red  in incom e, or in s ta tu s , 
m easu red  only by the things money w ill buy. . . . Though they 
have grown up in an age of violence and to ta lita rian  conform ity , ^ 
they now challenge its  b ru ta lity  and re je c t its  com pulsions;. . .
No one can as yet determ ine w hether the youth m ovem ent 
which M umford observed  in the e a r ly  p a r t  of the la s t  decade, and which
^ d a l l ,  1976: Agenda for Tom orrow , p. 91.
^I b id . , p. 101.
^M umford, The U rban P ro s p e c t , p . 22.
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has been vividly w itnessed  by a ll of hum anity by now, w ill have an affect 
of change on the p r io r it ie s  of the nation. The so -called  "hippy" commune 
has num erous In teresting  im plications for an urban  s tru c tu re .
P e rh ap s som e of these young people have recognized the 
th re a ts  and c r is is  and a re  beginning to  se t the stage for changing of values 
and p rio r itie s  fo r living. Enough noted experts  have convincingly p red ic ted  
the enorm ity  of changes in human determ inations that m ust take place b e ­
fore  re a l p ro g re ss  can be made to tu rn  the tides. The youth of today show 
the only signs of anything resem bling  such a  cheuige.
It is  by no m eans a sim ple m atte r of too little  w ater, a ir , o r 
food. How could one w ith faith  dare to  doubt th a t m odern science could 
somehow solve these  m inor d ifficu lties?  R ea lis tica lly , science can no 
longer c a r ry  the burden alone.
The p rim a ry  problem  now is to broaden the scope of public 
consciousness to include the whole nation and the whole w orld . It w ill be 
n ecessa ry  to en lis t the in te re s t  of a ll law m akers and every  citizen . M ore 
p iecem eal plans g eared  to quantitative conventional p rog ram s fo r m ore  
jobs, b e tte r  schools, im proved w elfa re , acce lera ted  housing, e tc . ,  w ill 
not arouse the people. These alone w ill not get the job accom plished. A 
dream  of excellence and b e tte rm en t to  involve and excite every  citizen  is 
needed. Man has never d ared  to think and act on a scale  that would involve 
each  individual and every  com m unity ac ro ss  the land in a p ro jec t fo r the 
b e tte rm en t of mankind.
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